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A Study of Bubble Generation on Underwater 
Discharge by Laser Doppler Method 
Yoshitaka Nakao， Noriyuki Takeshima， 
Masataka Matsuo and Taikichi Hattori 
Abstract 
The bubble ge口erationis one of th巴 importantev巴ntsin the study of underwat巴rdischarge. In this 
report， itis described that a laser Doppler system is capable of measuring bubble velocities under impulse 
voltag巴application.
Th巴principle of th巴l旦serDoppl巴rmethod is b旦sedon the frequency shift of♀laser beam occurred when 
lt IS sこatter巴dfrom a movin日particle. Although such a technique has b巴enus巴dwi th success to m田 surethe 
V巴locitiesof stream under aerodynamic or hydrodynamic conditions， the丘pplicationof this technique to 
underwater discharge is more difficult owing to a number of factors and it is口ecessaryto develop another 
method. By using this laser Doppler system， th巴bubbl巴velocityand the b巴atlilceptlOn tlm巴ar巴measuredin 
water under several巴lectricalconditions. The effects of concentration of the solution， polarity， p巴泣王 valu巴










レーザドッブラ法，つまり光領域でのドッフ。ラ偏移周波数の検出は 1964年の Y.Yeh， H. Z 
Cumminsに始まる (3)。従来の流速測定は染料の投入により行なわれてきたが， 0.05 cm/sec程
度以下の速度では染料分子の拡散のため測定が不正確となる。そこで彼らはこれ以下の流速を
*東京芝浦電気株式会社





























E=Eoei(k. r-ωt) (1) 
ここでE。は電場の最大振幅，kは波数ベクトル，rは位置ベクトル， ωは角周波数，tは時間で





rl ニ r~+ Ut 
rz=r;-Ut 
(2)式を(l)式に代入すると(4)式が得られる。
E=Eoej{ki ・ (r~+ Ut)一ωt}
401 
( 2 ) 
( 3 ) 
( 4 ) 
ここでkiは入射光の波数ベクトルである。粒子の位置においてはr/=0であるから，入射ビー
ムの電場ベクトルは(5)式で与えられる。
Ep=Eoej(ki. Ut一ωt) ( 5 ) 
















Fig. 1 A beam being scattered by a particle 
( 7 ) 
( 8 ) 
U 
Fig. 2 Two beams being scattered by a particle 
次に 1個の粒子によって散乱きれる 2本のレーザビームを考える。 Fig.2でUは粒子の速度
ベクトル， ωはレーザ光の角周波数， ω81，ω82は散乱光の角周波数，kil， kiZは入射光の波数ベ














={(kS1-ks2)-(ki1-ki2)}' U (11) 
となる。
2. 2 レーサードップラ法の分類





Table 1 Classification of laser Dopper method 
Opもical皿ixing Scattered beam and Sc山 redbeam and 
reference beam ano七hersca七teredbeam 
I~sl =-I~~I I~sl キ I~ C: I
exclusive or and 
工nciden七bea
l~s 2. = Iki，2 U'?S2キ 1(i.2
Single 
A mode U C mode U 
I~il = IÞ~2 
日 t，e"..... 巴 日 LgZ¥》日、、.."
and 
~S\ キ I~S2
Dual B mode U D mode U 
I~~I キ !kω 日~ノ-羽回。~一日
and 
I~sl ミ Ik~ 2.
L ~ Laser 
P : J?ho七ode七ec七or
U ; Par七icleveloci七J。:Angle be主wee民主hebeams 
一一一告:Inciden七beam(Reference be叫)









arrangement， Reference beam mode) と呼ばれる。 C型は対称型 (Symmetricheterodyne 





kS1 = kS2になる条件があるので，K=ks1-ks2 とするとω式は(12)式となる。
4ω=K' U (12) 
粒子速度は光速よりも非常に小きいのでん SI;:.I<S2;: k であり (kはレーザ光の波数ベクトル
の絶対値)， また Fig.3から K=2 k sin (8/2 )となるのでなの式が得られる。
? ?????
?
??????? ???? ??? (13) 
ここで¢は KとUのなす角であるが，通常のレーザドッブラ法光学系では q;=0となるように
配置する。
4ω=2k sin g . U (14) 

















Fig. 3 Geometry of dual incident beam 
arrangement Fig. 4 Interferenc巴fring巴fortwo inter-
secting b巴ams


























L : Lens 
P : Pinhole 
DP : Double pinhole 
A : Aperture 
F : Filter 
Fig. 5 Optical and an旦lyzingsystem of laser Doppler method 
S T 
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(l)U 気泡速度 (m/sec) ビート信号の周期らからドッブラ周波数んを求め (Fig.7)，これ
を(19)式に代入して計算した速度をいう。
(7) 
U二 fDI¥O-2 sin f (19) 
406 中尾好隆・竹島徳幸・松尾正孝・服部耐吉
(a) Schematic pattern of the b回tsignal 
Fig. 7 Typical beat signal 
Upper : Photomultiplier output 0 5msec/div， 2V /div 
Lower: Filt巴redoutput 0.2msec/div， 0.2V/div 
(b) Oscillogram of the beat signal 









(3)L 針先端から焦点領域までの距離 (mm) 針先端と焦点領域(速度の測定点)を三次元的
lこ一致させた後，針を光軸と垂直方向にそして両者を離す向きに水平移動した距離をいう。
(4)N 溶液の濃度 (N)
(5)V インパルス電圧の波高値 (kV) なお正極性にインパルス電圧をV廿負極性イルパル
ス電圧をV←で示す。
(6)Tt インパルス電圧の波尾長 (μsec)






Fig.8はV+二 5.0kV，Ttニ 280μsecのインパルス電圧を水中針対平板ギャップ (g=10 








Fig.8から，針先端近傍のUはKCllO-3Nが 3m/sec， NCllO-4Nが 9m/sec，イオン交換水
が 20m/sec程度であり， Nが濃いほどUが小さいことがわかる。また最も早いTはKCllO-3N
が 110μsec，KCllO-4Nが 60μsec，イオン交換水が 20μsec程度であり， Nが濃いほどTが遅
くなっている。しかし Lが 1-3mmの範囲ではNが濃いほどTが早<.シュリレーン法によ
る実験結果(1)と定性的に一致した。なお針先端近傍にUおよび、Tが逆転するあるいはほぼ一定
となる領域が存在する。この領土或はKCllO-3NでLが 0-2mm， KCllO-4Nで0-1mm， イ
オン交換水でo-0.5mm程度の範囲であり， Nが濃いほど大きくなっている。
4. 3 極性の影響















2 3 4 5 6 
L (mm) 
(a) Bubble veloci ty U versus distance betw巴巴n



































Fig.l0はKCllO-4N，正極性，Tt=280μsec， g =lOmmを一定として， Vを変えた場合の
U-L特性およびT-L特性である。 Vニ 5.5kVでは全路破壊し， 3.0kVではビート信号が
得られなかったので， 5.0kV， 4.5kV， 4.0kV， 3.5kVで実験を行なった。 Vが大きいほどコ
ロナの光強度および進展長が大きしまた気泡発生量が多いことが観察された。しかし 3.5kV
以下ではコロナも気泡も肉眼で、は確認できなかった。




V =5.0( kV) 
Tt = 280(μsec) 
~・
KCll0由 4(N)
: V =5.0(kV) 
Tt = 280(νsec) → トヰ
r-POINT POSITIVE 
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Fig. 9 Effects of impulse voltage polarity on bubble velocity and beat inception tim巴
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Effects of peak val u巴ofimpulse voltage on bubble velocity and beat inception time 
(a) and (b) are same conditions as Fig. 8 respectively. 
Fig.10 
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Effects of tail time of impuls巴voltageon bubble velocity and beat inception time 






Fig. 11はKCllO-4N，V +=4.0kV， g二lOmmを一定として， T，を変えた場合のU-L特















































































(l)針先端近傍の気泡速度は溶液の濃度が濃いほと守小さく， KCIlQ-3規定溶液で3m/sec， KCl 
10-4規定溶液で9m/sec，イオン交換水で20m/sec程度である。最も早いビート開始時間は溶
液の濃度が濃いほど遅く， KCIlQ-3規定溶液で110μsec，KCl 10-4規定溶液で60μsec，イオン交
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Investigation of Hydrogen Production with 
an Electrochemical Photocell 
Noriaki Kurita， Junji Nanjo， Shigeru Nomura 
and Shin-ichi Hara 
Abstract 
Recently， hydrogen production with semiconductor /品queouselectrolyte solution/Pt system iliuminated 
has been studied from every of view(l-4} 
This system has "photosensitized electrolytic oxidation" known as Honda-Fujishima's effect. The electric 
fi巴ldis formed within the space charge layer in the semiconductor巴l巴ctrodeimmersed in the solution. By 
illuminating on the semiconductor surface with th巴 lightof en巴rgylarger than that of the band-gap， hole-
electron pair is g巴neratedin the space charg巴 layerand separated by the electric field. For th巴 n-type
S巴miconductor，the holes decompos巴 waterm oxyg巳nand hydronium ions on the semiconductor-solution 
interf乱ce，whil巴 theelectrons are transfered to Pt electrod巴 throughthe external circuit and reduce th巴
hydronium ions to hydrog巴non th巴surfaceof Pt electrode. Therefor巴theb旦nd-gap，th巴el巴ctrunaffinity， and 
the band-bending of the s巴miconductorare import旦ntfactors for the effici巴ncy.
The semiconductor is required to be electrochemically stable for its catalytic reaction. T. Onishi巴tal. (5}re 
ported that the quantum efficiency of n-Ti02 (Eg二 3.0eV)was v色rysmall， 10-4 order. While]. G. Mavroides 
et al.(6} r巴portedthat the qu丘ntumeffici巴ncyis improved by using SrTi03 (Eg=3.2巴V)in spite of larg巴r
band-gap than that of n-Ti02， because of larger band-bending and small巴relectron affini ty. In this paper， 
usmgηーTi02for anodic electrod巴， w巴 reportthe result on the improv巴mentof efficiency for hydrogen pro 























ラッピンクした。市販の TiOz単結品は，比抵抗約 10"Q-cmと高いため，真空中(約 2X
10-4-5 XlO-5Torr)， (必約 6300C，(B)約 6600C，(り約 7000Cで3時間熱処理し，比抵抗をそれ
ぞれ(必36Q-cm， (B) 13 Q-cm， (C) 2.5 Q-cmにした。オーミックコンタクトは，裏面に Inを蒸着
し，銀ベーストを用いてリード線を接続することによって得た。試料表面以外は，エポキシ樹






本実験に用いた水溶液は， pH 4.7 (0 5 N 
KCl C緩衝液入J)，pHO.3 ( 1 N H2S04)， pH2 
3 (1 N CH3COOH)， pH4.7 (1 N MgCI2)， pH 
4.7 (1 N KCl)， pH5.1 (1 N Na;Cl)， pH5.2 
( 1 N aZS04)， pH 9.0 ( 1 N CH3COONa)， 







? ? ? ? ? ? ? ?
?
N2 gas flow 1.02(ml/sec) 
-ー ・:woter (2LlC ) 
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，. 7i02ELECTRODE 2， PtELECTRODE 
].SCErSATURATED CALO/I1EL ELECTRODEJ 











として記録した。電圧は減速器を用い約 1V 1120 secで変化させた。
II.実験結果
図-4に， pH4.7及ぴpH13.8の溶液を用いた代表的な電流一電圧特性を示した。なお，電














I _ 1 pHの変化に対する Ti02-Ptの電流一電圧特性
種々の溶質を用いて水溶液の pH を 0.3~13.8 の i範囲にわたって変化させ，各々の pH に対







NaOH (pH 13.8) 
2.0 3.0 4.0 
V(vs.SCE) 
一-.lNCH，COONa PH 9.0 
・・・・ 1NNaCI PH 5.1 






図-4 The I-V characteristics of n-Ti02 (36Q-cm)-Pt 図-5 The diff巴renceof th巴1-V characteristics 










01 N KCl Y 1 N azS04 ・1N MgC12 
ロ1N HzSO， . 1 N C HlCOONa 
マ1N CHlCOOH ・lNNaOH 
01 N KCl YI N Na.z50， 
r.(mA!cmZ)A.IN NaCl ・1N MgClz 
ロ1N H2S0‘. 1 N CH3COONa 
マ1N CH3COα4・1N NaOH 
VEQ(vs.SCE) 61 N NaCl 
1ー.0
0.4 
o 2 4 6 8 10 12 14 pH 
0.3 
0.1 
o 2 4 6 8 10 12 14 pH 
図-6 The relation of Veq vs. pH in the 
various soluti ons 
















1.0 2.0 3.0 
V(vs.SCE) 
1.0 2.0 3.0 4.0 
V (vs. SCE ) 
図-8 The 1.V characteristics of n. Ti02 (l3Q-cm)-Pt 図-9 The I.V characteristics of n-Ti02 (2.5Qcm).Pt 





J (mA/crn2) . 
TiO，・PtpH 4.7及び pH13.8を使用した。それぞ、れのグ
ラフからわかるように，立ち上がり電位 Veq
は，比抵抗の違いによらず，pH4 7では 0.4 
V (vs. SCE)付近であり， pH 13.8では-0.9V 
，.'ー・・田・・・・・・・・・・・・・・・・・・・・・・・・・
(vs. SCE)付近である。飽和電流値は，比抵抗
36 Q-cmでは約 030mAlcm2，比抵抗 13Q-cm 
では約 0.45mAlcm2，比抵抗2.5Q-cmでは約
1・0
TiO. -P type 5iO， 
pH 4.7 




図-10 The I-V charact巴risticsof the 
1I-3 日一Ti02-p-Siの電流 電圧特性n-Ti02 n-Ti02-Pt and n-Ti02-p-Si 
-Ptによる電流電圧特性と比較させた結果色図 10に示した。ここで， n-Ti02は，比抵抗
















れる(10)。我々は，さらに，この理論を確かめるため， Ti02電極側の pHを固定し， Pt電極側の
pHを変化させた場合と， Pt電極側の pHを固定し， Ti02電極側の pHを変化させた場合の電
流一電圧特性の測定をおこなったが，立ち上がり電位Veq及び零ノ〈イアス電流I。は，全て
Ti02電極側の pHにのみ依存することがわかった。この結果，本田・藤嶋等が報告した pH4.7





















我々 は， TiOz電極と Pt電極からなるセルに光照射すると，両電極表面に気i包が発生している





(n-TiOz電極側)H20十 2p +→1/2 O2十 2H十










422 栗田典明・南条淳二・野村 ?~・原 進一
この式から， pH 13.8溶液を用い，比抵抗 13Q-cmの電極を使用した場合， 1時間当りの水素発
生量は約1.25~/h' m2であり，また，pH4 7溶液の場合は約 0.42~ / h . m2である。つま
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Analysis of Continuous Thickener Using Solid 
Flux-Concentration Curve 
Eiji Obata and Haruo Watanabe 
Abstract 
In this paper a continuous thickener operation at st巴adystate was treated. Batch settlin日curv巴swer巴
classified into thre巴typesby initial concentration. At each concentration range， operating condi tions， coロー
centration distributions and area of thickener were observed巴xp巴rimentallyand compared with the predicted 
V品luesfrom solid flux-concentration curve 
The disign of thickener area must be distinguished in feed slurry concentration whether it belongs to fre巴
settling of typ巴 1or hind巴r巴dsettling of types I and II. When feed concentration decreases below a certain 
limit， the suspended particles will be lost in the ov巴rflowwithout the change of fe巴dsolid flux. At steady 












































































C (Qo/A-v) ニ coQo/A (2) 
溢流が清澄では co=0であるから cuQu=











および接点Nの濃度 CJ， Ccは(1)式を満足する沈降層濃度であり， LNとc軸の交点Pは(1)式の排












は図 ]の DEFで示される。図 2の固体流束曲線で，初濃度 Cflの単分散試料の回分沈降を
考えると，その自由沈降i宝度は OBの傾きに等しし容器底に形成されるスラッジ層濃度は C∞
であり，その上昇速度は BJの傾きで表わされる。図 ]の回分沈降曲線と図 2の同体流束曲
線の対応はつぎのようになる。
どこ DEHE = ζ BOJ， L EOt = どこ BJO 
図-5で供給濃度々がCf<C[のとき，連続シ yクナーの排泥濃度は排泥速度により任意に設




Cf (Vf+QU/A) =cuQu/A=OJ < CfQf/Aニ OG (4) 
となり ，(CfQf-CuQ叫ん4二 JGの同体流束が溢流口から逸出する。操作線GIを満足する沈降層


























OCQ2 C1JC， C" 
















初農度を図 2のEに対応する Cf2とすると，定速沈降速度は OEの傾きであり，臨界濃度は














このとき tanL EGO=Qul/Aであり，排j尼濃度は CUlである。供給濃度，排j尼速度一定のもと
で供給量を Qflから Qf2に増加させると，排泥濃度は変らず溢流中に単位時間にあたり
の(Qf2-Qfl)の固体粒子が逸出する。この場合の溢流濃度 C02は次式より求められる。













[cv十C(Qu/A)J min=CfQf/A=CuQu/A (7) 
上式の左辺が最小値となるのは d(cv)/dcニ Qu/Aのときであり， (7)式を満足する濃度は図
4より C1およびのである。図-4においてらから固体流束曲線にヲ 11，、た接線MNの傾きが
tan -1 (Giu! A)となるから，Quが与えられればi溢流清澄の条件をみたす所要面積Aが求められ
る。あるいは MNと縦軸との交点Lは CfQf/Aであるから，Cf， Qfを与えれは、Aが求められる。
これが吉岡の方法であり， (7)式より求めるのが Coeand Clevengerの方法2)であり，基本的には
両者の所要面積が同一で、あることが認められる。ただしこのときの詮C1でなければならない。
5. I類沈降濃度域(高濃度域)








CuJWul _ A 
操作線 1: abfil Or abfghl 
操作品集2: abdjk 
操作線3: abejm or abegim 
図-7 連続シックナー操作の作図法と
理論槽内濃度分布(1II類沈降)






Slurry pump Tank 
図-8 実験装置概略図
国体流束曲線を用いた連続シックナーの解析 429 
図-7において，初濃度を Cf，供給量を QfJ， 排泥量を QUlとすると操作線は直線1となり，
固体流束曲線と接することから臨界負荷操作であることが知られる。 II類沈降濃度域において
は沈降層濃度は必ず供給濃度より小さし供給濃度による制約はない。溢流清澄の条件で操作
線 lの(1)式を満足する沈降層濃度は C11，およびのであり，排泥濃度は CU1となる。操作線1よ




























Hf Cf Qf Qu Cu es Cu es Cc es Cl es C2 es CH=5 CH=15 CH=25 CH=35 Co es CO ob 



















































































































































































































































































































































22t 10 118 147 27 430 360 157 122 170 124 120 120 48 60 













10 117 160 
5 65 234 
30 114 200 
20 107 173 
20 63 295 
20 66 315 
83 226 227 
91 167 163 
42 332 310 135 
46 310 285 132 
64 268 205 125 
80 240 232 118 











0488 g /cm2 • minを縦軸に，排泥速度0_133
cm/minを傾きにとると固体流束曲線との交点



























， ， ， ， 










濃度は Cf1 (II類沈降域)と Cf2 (II類沈降域)で， ともに沈降層濃度である操作線と固体流束
曲線の交点G，Hの濃度より大きく供給濃度の制約はない。
Run17の操作は未負荷操作であり，供給固体流束を点Bの0.092g /cm2 • minから点Eの
0.llSg/cm2・mmまで増加しでも溢流清澄な操作となる。 Run17の槽内濃度分布は沈降層濃




















(昭和 52年 5月 19日受理)
使用記号
Aニ槽面積 Cm2]，c=固体濃度 Ckg/m3]，Hニ槽高 Cm]，t二時間 Csec]，v=粒子群沈降速
度 Cm/sec]，Q=体積流量 Cm3/sec]
〔添字] c =臨界， fニ供給， 0ニ溢流， u=排泥， 1 =沈降層， 2ニ溢流層
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On the Histrical Changes of Bridges and the Tendecy of Their Progress (3) 
The Bridges of Ancient Times， Middle Ages and Modern Times in the Orient 
Sakutaro Nakamura 
Abstract 
The pr巴5巴ntwriter made the thorough investigations on the bridges of Ancient Times， 


















































































漢江鉄道橋は全長 293mあり， 16m(鉄筋コンクリート T形桁)+ 2①20m(プレー ト・カ、、ー









で，ワーレン型平行弦構桁であり，支点間距離約 65.8m ( 8格間×約 8.2m)，桁高約 10.7m， 























型であり，フランジの幅は1.30m，厚さ 45cm，ウエブの厚さ 0.60-1.30m (起挟部)， I型
































図 1は古代の石積アーチ橋，図 2は古代の石造アーチを用いた建造物，図 3は紀元前
に架けられた吊橋の図で¥図-4は北京の古代アーチ橋，図-5は北京郊外万寿山の十七孔橋，

























































橋梁の歴史的変遷とその発達動向について (3) 441 








































































































































































には，明治 4年(1871)の東京芝口の新橋，明治 5年(1872)の大阪の心斉橋、明治 6年 (1873)














































































































北海道の十勝大橋(1941，ゲルパー，支間 9x41 m)，宮崎県の川島橋 (1936，ゲルパー，支




橋1誌の歴史的変遷とその発達動向について (3) 449 
ノ〈ー ，支間 24m十 5X31 m十24m)，福岡県の西大橋 (1935，ゲルパー，支間 21.6m十 3X
30.6 m十21.6m)，福岡県築後川の小森野橋(1933，ゲ、ルパー ，支間 25m十 9X30.5 m十25m)， 
長野県の高瀬橋(1937，ゲルパー，支間 2x15 m十 2X 23 . 8 m + 7 X 30 . 5m)，福岡県築後川




( 1943，支間 79.4m)，岐阜県の大牧橋(1937，支間 74.0m)，長野県の坂戸橋(1932，支間
70m)，富山県の笹津橋(1941，支間 65m)，山形県の明鏡橋 (1938，支間 54m)，山形県の臥
竜橋(1937，支間 53m)，山梨県の祝橋(1930，支間 50m)，東京都の氷川大橋 (1933，支間


















東京の奥多摩橋(1936，支間 108m)，大阪の桜宮橋(1930，支間 104m)，東京の永代橋 (1928，
支間 100.6m)，岩手県の北上大橋(1938，支間 100m) となる。
補剛吊橋としては，径聞の大なるJI貢に示すと，静岡県の川根大橋(1925，最大径間 190.1m)， 
奈良県の折立橋(1933，最大径間 156m)，官山県の長崎橋(最大径間 145.4m)，徳島県の三













に達しているが，その中コンクリート橋は 55，366橋 (47.9%)，551.57km (37 2%)であるか
ら，鋼橋の 2，869橋 (2.5%)，190.71 km (12.6%)に比べると，数において 19倍，延長にお
















れに対し，前者は突桁を有する 2ヒンジラーメン(支間 10m十50m+10 m)，後者は側径聞を
有する 2ヒンジ斜脚ラーメン(3径間連続桁の支間 21m+39 m十21m，中央の台形ラーメン
の支間 57m) として比較設計された資料が残っている。
また，鉄筋コンクリートアーチ橋としては，戦後 1949年に群馬県利根郡に架設された千歳橋
があり，これは無絞開側型式の橋で，最大支間 45m，扶矢 9.4m， f /1 =1/5，巾員 5.5m， 
(52) 











(東京)， 日本ピーエスコンクリート K.K (敦賀)，オリエンタルコンクリート K'Kその他
の会社が当っている。
我国で施工されたブレスト・コンクリート橋は， 1951年に支間o-10mまでのもの1橋，
1952年に支間0-10mまでのもの3橋， 10m-15 mのもの l橋， 1953年にo-10mのもの57
橋， 10 m-15 mのもの 21橋， 15m-20mのもの l橋となっている。これに対し， 1954年には，














































昭和 24年 (1949)12月竣工した茨城県那珂川大橋はランカ、、ートラス橋で支間 70mあり，当
時架けられたランガートラス橋の代表的道路橋の一つである。このほか， 1953年架設された群




m，ゲ、ルパー桁)，神奈川県の相模大橋(1955，最大支間 57.8m，巾員 9.0m， 7径間ゲルパー
(54) 
橋梁の歴史的変遷とその発達動向について (3) 453 
桁)，北海道の江別大橋(1946，最大支間 67.2m，巾員 7.5m，ケ、ルパー桁)，大阪府の西条大
橋(支間 36m，箱形断面の溶接プレート・ガーダー)などがある。






支間 216m，巾員 7.5m)を初め，熊ヶ根橋(宮城県， 1954，支間 110m，巾員 6.0m)，海尻
橋(栃木県， 1955，支間 105m，巾員 5.5m)，尾鈴橋(宮崎県， 1946，支間 100m，巾員 4.5
m)などが架設されたが，昭和 35年(1960)以降において，大矢野橋(1966，熊本県，支間 156
m，巾員 6.5m)，内大臣橋(1964，熊本県，支間 153m，巾員 5.5m)，模木沢橋(1965，岩
手県，支間 140m，巾員 60m)，新三国大橋(1963，群馬県，支間 140m，巾員 7.0m)，戸
崎橋(1964，宮城県，支間 139.2m，巾員 6.0m)，三井橋(1965，神奈川県，支間 130m，巾








そのほか， 1956年愛知県に架けられた大嵐橋(中央径間 160m，巾員 4.5m)， 1952年長野県
に架設された上今井橋(中央径間 141m，巾員 3.6m)を初めとし，愛知県の鷹ノ巣橋 (1956，
中央径間 157m，巾員 4.5m)，奈良県の川津大橋(1960，中央径間 177.6m，巾員 3.6m)， 
徳島県の小鳴門橋(1961，中央径間 160m，巾員 7.0m)，奈良県の備後大橋(1964，中央径間
162 m，巾員 4.0m)，栃木県の川又大橋(1964，中央径間 160m，巾員 4.5m)，宮崎県の二軒






















積当りの鋼重 303kg/m2となり ，1960年(昭和 35年)架設された同県の城ヶ島大橋は 3径関連
続鋼床板箱桁(径間 70m十95m+70 m)で単位面積当りの鋼重 321kg/m2を示している。また















m)，大阪市の豊里大橋(1970，最大支間 216m)，北海道の石狩河口橋(1971，最大支間 160m)， 
首都高速道路の荒川|斜張橋(1970，最大支間 160m)など次々に架設されているほか， PC斜
(56) 




桁，ゲルパー桁，支間3X22 m十34m+100 m+34 m+ 3 X22 m)がある。
それからトラス橋の鉄筋コンクリート床版の合成化の問題が，東京大学生産技術研究所の手
で研究課題として取り上げられ，数少ない合成トラス橋として注目そヲ|いた新潟県の中宿橋




ゼ桁，支間 79.44m 2連)，幌5jJjの幌別橋(1953，ランガートラス，支間 64m)，常呂の常呂橋














次に， 1961年に全溶接アルミニウム合金合成桁の金慶橋(支間 20m，巾員 8m-9.5 m)が
芦屋一有馬聞の有料道路に架けられたほか，北海道開発局の手により災害時の交通確保の目的












図-18 九州の諌早眼鏡橋(旧橋， 1838) 
図-19 日光神橋(木橋) 図-20 東京の日本橋 (1日橋，広重筆)
(58) 
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On Three Dimensional Stress Problems of Finite 
Hollow Cylinder 
Kenichi Matsuoka and Sumio Nomachi * 
Ahstract 
The purpose of this paper is first to pres巴ntth巴日巴n巴ralsoluti ons of出巴 threedimensional str巴sproblems 
of a finite hollow cylinder submitt巴dto forc巴Son i tsboundaries. These solutions are obtain巴dfrom the 
equations of equilibrium of forces in cylindrical co-ordinates by means of finite Fourier-Hankel transforms 
Then making us巴ofthe solutions， th巴numenc呂1calculations ar巴carn巴dout for the case wh巴nthe hollow 
cylinder is subjected to a pair of tractions which are partially distributed on the inner surface. The results are 
compared with those in th巴caseof an infinitly long hollow cylinder carrying the sam巴forces，and the results 
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考える。ここで積分変換の核関数として L1 三 cosmθXL2=sin 
m8X， L3ニ cosmθX。を式(1)-(3)に対して選ぶ。ここでm=O，
1， 2…である。こうして Oに関して(0， 2π)の間で有限
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式(1)， (2)を積分変換してえられた結果に式(10)，(11)を代入し，辺々 相加えて X 二 X1二 rHm+l(c;r) 
cos人々 とおき，パ Zに関する変換を完成させる。次に辺々相減じて X= X2 = rHm-l (Cir) cosl¥々
とおき変換を続行する。さらに式(3)を積分変換して得られた結果に，式(10)，ωを代入し，Xoニ
rHm (c;r) sinNzとして積分を行なう。ただし上の説明中
Cm[!]二 ffmm鰍 Sm[!]二 ffsinm雌 (a) 
Hj(fir)=]j(fir) Ym(fia)-]m(fia) 巴(fir)，j こ二m-l， m， m+l 
で，~i， iニ 1， 2，…は Hm(c;b) = 0の根を小さいものから順に並べたものであり， ]， Yは




1 1 r ~ ~ r 1， ~ ~ r 1" m十1f't r 1 1 I 7I.TEY rY r ，1 
二一一一ーすI~ CmCn[σγ]+ SmCn [ro] +4μ一一一Cn[Amzr]+μNCmSn[W](2μ 1vナti2L'-"lIt'-"rtLV"{J I ' .. Flfl'-"FlL'"'fUJ1 .J.f-A- r -"L"'_"_rlZTJ I f-"-""'-' -rn""'flLvJ 
lbμ+A fl f r""f 1 I " (m+ 1 x rHm+l(fir) I一 ・一一一一一I~ CmCn[σ]十2μ(~Cn[Amzr]Ja 2μ(2μ+λ) -(N2+fl)2LlvvLurJ I ，-，u¥ 
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+品JL)(N4LJHm+1[TLT1-Hml[TLT]+MHmCm{ω]} 
×郎防]:' (12) 
Hm-l Cn [Bmzr]= fabfoCBmzrrHm_l(か )cosNzdrdz
1 1 I (~ ~ r 1 ~ ~ r 1 m-1 ~ r~ " ，，~_ r ，1 
=一 一一一τI~ CmCn[σγ] -SmCn[rro]-4μ一一~Cn[Bmzr]+μNCmSn[wH 2μ N2+fl Ll vvLVTJ uvLLtJ  '-1:j.L r VL.LJZTJ I fJ.，.1vvuLlA/Jj 
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式(l2)~(14) 中の CmCn[σr ]， SmCn[rre]，…ーなどは肝， τ叫……の積分変換値・を記号










βmnr二 CmCn[σγ]，Amnr二 Cn[Amzr]， 1 




EmiZニ Hm-l [aBmzr/ az]， 
~r:;mnr二川åu/θr]， Dmiz=Hm+l[θAmz/az]， } 
( c ) 
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る。上の誘導ではm宇 0，nヰ Oの場合について述べているがn二 0，mニ Oの式は，上に述
べた各式でmニ Oとすれば、良い。 nニ Oのときは別な形となるが，誘導の方法は上の場合と同
様である。また iニ Oに相当する初期項も必要となるが，これも途中の積分変換で rHm+l(~ir) 
の代りに r2-m，rHm-l (~lr) の代りに r2+mを用いて積分を行ない同様に求めることができる。
従って各変位成分内一般式は
1 A ， 1∞ 
U二三Aozr+τ2:(Amzγ+ Bmzr)cosm8， (20) 




2ma2mbzm 1 (b( 1 (C A ，， 2∞) 
Amzγ=τE百二三m ，， ~+1 1 171 Amzrdz+ ~ 2: Cn[Amzr]cosNzrr-mdr 
U U I ν a l v 0/ 0 し nニ 1 I 
+会22d!丘{+iCHm+1[Amzr]dz+ι21Hm+ICn[Amd 
r I ， ¥k-l 2mazmb2m 1 ( 1 =2: I (_l) "， ・一一一一{ dm(βmok十何Ok)l¥'<1 b2m-a2m crm+1 l4m(3μ+人)
+(μ 吐!A) )al-m 川川 A 三五τTE7元(3μ+A) 仇 Amok-2玩3/1芋工了似 Bmok-4五百五平刀
(71) 
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μ十A 1 ， 1 .a~-m(Wmk， -Wmk，) """("/' I ，¥ D7I帥+μ}2m(3μ+λfUmOk I 2m，u(3μ十人)γ叩吋十 (2μ十人)c
f 1 つυーt-A ，/n ， ¥m十1ブ叫紹似(叩削叫k+~ト戸一α仏伽ωω吋川m削叫ok+叩r凶O吋訂川h汁川+刊(い川)~Aんん仏いm削叫吋O 叶hけ+山(ωμけ+À川)弓竺千子タ邦邦Bιんm削O
t 一戸戸- αh 一1 I 2∞ f 1 _(k)f 7¥T__jμ+λ1 
一 (W mk， -W mk，)什'"_~ cosNz十一~x<，，7þ( Nr)(~βmnk+でα mnkJ C;-:1~~U..~ l2N ILmv¥"" '¥μ八 μ
3(m+1) A ，m-1 ~ 2μ+A，- ¥ +~，... ~/Amnk十 Bmn C)ω(ぷ(Nr)(βmnkαk r1mnk I ak LJmnk A vmnk) 4μAN 
1 I 2 ∞ Hm+1(tir)f人 1~ (k) I F _ ¥ ( 2μCmnkH十 ~ _L_Lm+~~~ l' I i一一一一・ φ(k)(tiZ)( Dmik J 'b2 f;'lθ弘i l2μ+A ti'{J "-，-，，，/¥ 
υ ↓~ /n ，~\ \υ↓~ 1 / . I、 r、丘一一一(3γmik十Omik))-~とー (φ(k)(tiZ) ψ(k)( tiZ) )(Dmik 2μλ J 2μ+A ti 







2∞ H m-1 (f i r)r 1(C TT r D 1 J_ I 2∞ 1 23{-l HmlIBMJK十~ Hm-1Cn[Amzr] ~ b2 t:'1θ弘i l cJo J..J..m-lL..LJTnZTJlA-A.t I C~l ß..J.. -l'-/ l ..l.L mZTJJ 
f 1¥k-1 2m rm-1 1 f =21|(1)h.{d+2(ぬ ok一βηOk)L ¥ -'， b2m-a2m C 4m(3μ十人)l 
十2(μ十人)a;'+1AmOk + (4μm+2(μ十人))a;'+1 Bmok十人EmOk
u+A ~ m+?/TTT TTT ¥1， 1 rlb¥! ¥f 1 一五戸川+入aZ'2(Wmk， -W川小 (2μ十人)Cf}"k) (r)けβm凶
官~凶 (μ十人)tlA間Ok-(い)与Bmo寸 (Wmk，-W mk')} 
f 1 Ib¥l >T jμ+A ~ 1 m+1 + ~ ~ cosNzi '1 ~r xI:1(Nr)(と日Lβm叫 αmnk一一一~An二l'-'Vu.L".c，l2N ;l.ms¥.J....'}¥ μAμGh mnh 
3(m-1) n 2μ+人 ¥μ+入ー ) 一一一一B 一一一Cmnk)-一一一一ω協(Nr)(βmnk-2μCmnk) r αh mnhλ り 4μ人N U.I ms¥" V f /¥/J  '-'1-" v /1 
2 ∞ Hm-1(tir) r 入 1 _，(k)fF _¥(μ十λ V~ L m-~i S-i' J)一一一一 φ (臼)(Em 一一一一(γmik十3Omik)) b2 t:'1 θ;'i l2μ十人 tiIjJ ¥，i4 /，J.:-ik -2μ人 / 
υ+A 11 .Ih\'~ .Ih\l~ \\/~ 1 / n~ ¥1 一」と 一一(φ(k)(tiZ) ψ(k)(tiZ))(E 一一一(γmik十3Omik)) ( 2μ十人 ti¥IjJ ¥， 4/ IjJ ¥， 41!，0 mik-4-μ )1 
，(-l)kfr(Z¥(TTT 1<，V ¥ 1'(， Z¥ 十 円 1¥ '1+ / ~ fJ( ': H W mk2 ーぷnk，) -fd 1 -': ) b2m-α 2l.l¥C八 μ J.Jl¥-'- cJ 
(wmhl-i川}l間μ 
A四 r-品川町cAA421ι[Aozr]c州政
2 ∞ H1(f，け f1 (C TT r " LL I 2 ~ TT n r" L__ l¥T_ i 寸~~宰叫: ("H1[Aozγ]dz十三 H1Cn[Aozγ]∞sNz~ o円 θIi l cJo J..J..IL.L.l.OZ7-JlAI;<.， I c;.二 1..IL.L _j '-" fl L.L "'-U.GI J'-''-'U..L T ，c-..) J 
~ f 1 (_1)k-1 1 f a%， d () ，( |一一一一一一一・ {一旦lohんOk+((μ十λ)log生
日 Llog b/α cr 2(2μ+ A) l 4 邑abjJO ， ¥ 邑




f 1 _ (k)f hT__ ¥(μ+An ， 2 A ¥ μ+入 1z豆1CmN川Zl2百疋NXμ必淵OA佐似も官引川)刊W川(川N
2 ∞ H1(仔tirけ)r A 1 ，( b)I 
'" 
_ ¥ ( n 2引(μ+λ川)- ¥μ+入 1+寸2一一一一{一一一 ザc/}k)(t;必ω)(D仙一一一一 卜 .一U F1θIi l2μ 十λ~i VJ \'::， l~1 ¥ μ入 γOik}-2μ十λ ti
(n 1 ¥1， r-1 (-l)k r _，.(Z¥{nr 2 I ¥ (ザ川
-fl( 1-~)(れ1-f刈}]， (24) 
∞ r 1 ∞ Ho(tiγ) TT rt c1 r 1 ， 1∞ Hm(tir) =ττ~ sinNz~ ，1._ ~一一一一-__J_ HoCoSn[ω] 十~ ~ 1-L一一一
nニ lU
.l.lLL"Nl 2π i=l θ32π 戸 1θmz
∞ωsm附θHmC間S削n[山川μ川ω刈]ト)トエや毛会主1:埠主0伽ωC∞ωO凶S附イlι:主舎ト1P〆S剖i血n肢刈{走Gω泣r)刊(ル州) 
(恥lも与与弘弘β品ム仇ル仇?弘み弘弘7ηm即n肘2口P
+一ι号記互必i丘主丘!l~叫~+一-Qοψ(怜h勺 Z)(河(Dmik-Emik-+(川γμmi拍k-Oル問m叫川z泊k)ウ El f:l 8;' l ti'q! ¥ ，i-G '¥ L/  J.:.， k /.1 ¥f  U iJ ) 
十一L よρp(k)州快同叶h的吋刊(住Eμω必引iZ)(バD2μ+λ fil:' ¥'!::>l，"，"，'¥.L-'ff!"lF(， .L....if{ttK 2μ /刀j 
+g¥，i')什){~ W mkl + (1-~ )W mk2 )]， (2 
となる。ここで α1二 b，α2=a，α。二α，Cl =c， C2二 Oとして
α間 nk-αmnγ)T= ak'β勾nk二 βmnr)γ=α.，Amnk二 Amnr)戸 ak' 1 ~ (d) 
Bmnk二 Bmnr)戸 ak，Cmnk二 Cmnr) γニα• Wmkj 三 Cm[W]r~a.， z=Cj J 
Dmik = {DmiZ)Zニ o十(-1)ト1Dmiz)z=c}/2， 1 
E間仕二{E前日)Z=O十(-1)h-lEmiz)z=c}/2， I ~ (e) γmik 二 {γmiz)z=o+(-l) 日γmiz)z~c}/2 ， I 
Omikニ {Omiz)z=o十(_l)k-lOmiz)z二C}/2， J 
Dmok二子山長Amん
γmohzl rz-m TZzγ )z~c.dr， 0 mokこ Ir2十mT品zr)z~c.dr ，・_a ~α 







とおいたものであり ，eo二 1/2，em= 1 (mヰo)である。また









ω偽(Nr)=N[R以(Nak){rRi/:in(Nr )-ak- 1 Rほ~1.m+1(Nr)} 一
-Rぽhm(Nr){αkRi/:}_I.m(Nak)-ak-1R段いI(Nak)}]/{R以(NakW，
ω弘(Nr)二 N[R以(Nak){rR以(Nr)-ak-1 Ri/:}_I.m-1( Nr)} 
-R民l.m(Nr){ akR出l.m(Nak)-ak-1Rほら-1(Nak)}]/{Rほら(NakW，












(k) f p. _. ¥ _ sinh fi(C-Z)十(-1 )ksinh fiZ φ(kl(fiZ)= 
h fiC-( -l)k 
(k)f p. _ ¥ _ Cosh f;{c-z)一(-l)kcoshfiZ Q(k1(fiZ)一 h fiC一(-l)k 
(k) f p. _¥_ p. zcosh fi(C-Z)+( -l)k(c-z)cosh fiZ ψ(kl(fiZ) 二 fi~
osh fiC-( -l)k 
(74) 
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inh ti(C-Z)一(-l)k(c-z)sinh tiZ p(的(tiZ)ヰ iE11一三一一
cosh tiC -( -l)k 
5.境界条件および適合条件





し n~日=斗1 ~ (j=l，ロω，2) 幻  1 ~ ，2∞!
Bmzr )r~aj=てBmoj+一ご 2;. Bm町 cosNzI 










i) Z二 Oおよび、Z二 cにおいて
σ'z)z~o= σz)z二C-ρl(r，θ) 
τzo)z~o= ーらθ )z~C 二 q ，(r，8)， 
C 
τzr)z二 Oこ らc=qZ(r，θ)
(28) .・.Dn:川ニEmil二 γmil= O mil ==・・…-ニO
γmi2 = ~ !ab !02π(付 inm8十Q2cosm8)
(29) 
OmiZ土;L12X(のsinm8+山cosm8)

















τUγ問.z)γ作=b=q4バ(8，z)入， (β3ω ) 
i) rご αにおいて
川ニαサ 3(8，z)， βmnz=L1ch(O，z)CO叫郎防必仇 倒
川 =a=q5(8，z) αM=L1cq5(O，z)siMcosNZ倣， β
てγz)γニ G二 q6(θ，z)， (36) 
ただし ρ1~ P3， q1 ~q6 は各面に作用する直応力および、せん断応力である。
b) z= c/2に対して逆対称変形をなすとき
i) zニ Oおよびz=cにおいて
σ.z )Z=O二 σ.Z)Z=C=ρ1(r，8) (37) 
τzo)z=o二 τz)z=c=q1(r，B)，τzr)zニoニ τzr )z=c二 q2(r，B) 
:. Dmi2 = Emi2 = γmi2 = O mi2 ==…・・・二 O (38) 
γmzI=HbfほIsinm8+μosm8)rHm+1(か )drd8 (39) 




また D， E， γ， Ò の聞には式 (19) の関係が存在する。式 (28)~ (32)， (34)， (35)によ， γ，





ρ1( r，θ)=ρ2(8，z)= 0 
で，せん断外力 qは全て Oである。従って勾 a， y， oは全て Oであり Bmn1 = 0， D mil = E mil = 




Cl -Co <Z < Cl + CO， 
C-CI-CO<Z<C-Cl十Co















b / a= 4.0， C / a =8. 0の円筒で軸対称外力が円筒内面中央部
この計算に用いた級数項はに作用する場合の解析を行なった。
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Amnl 三と Bmnl~Cmnl;芯 O 
u+A n JLmn2=Bmn?;と ー竺一一~R叩ー
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図ー10 σ。の z方向の分布 (C1/ aニ0.4)
0.0 1.0 2.0 
，; 
¥)=0.25 






は lニ 30，nは偶数項のみ 30項まで集めた。外力を中央部分に作用きせた場合の結果に対して
は，無限円筒の内面に同様の外力が作用した場合の結果も合せて点線で示した(図-5-8)。
図 5はめの分布を示したものであるが無限円筒と比較したとき z/ a = 0付近では当然多少
異なるものの他の部分ではかなりよく一致している。 σθ，のの分布を図 6，7に示しているが，
これらの応力は無限円筒と比べれは、全体としてわずかに異なり特に z/ a =.0ではかなり異な
る。しかし分布の傾向としては両者同様である o Trzは図 8に示しであるが，有限円筒の値と
無限円筒の値はほとんど一致している。 σ円 Trzは円筒外面における条件が有限円筒も無限円筒




えれば，め(図 9 )， τrz (図 12)は中央部分に外力を作用させた場合と比較して，各断面と





せた場合とかなり異なった分布をしている この場合z=OでのこOであるから r二 aでは
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On An Application Of The Geometric Programming 
To An Optimum Design 
Hiroyuki Sugimoto 
Abstract 
Geometric programming is one of the most new technique in the nonlinear programming used for the 
optimum design of structures. Using geometric programming， on巴cantransform th巴highlynonlinear opti 
mizing problem to the linear simultan巴ous巴quationsand the result is guaranteed to be a global optimum 
solution， when degrees of difficulty is zero. 
This paper also explains the two approximate techniques. One is the technique using approximating 
functions， the second is the technique bas巴don condensation. 
Three exampl巴s，the design of H.shape member subject巴dto bending moment， the design of flat cor 
rugation wide column under uniform axial compression and the design of simply supported beam with changes 
III cross sectlOn，呂resolved successfuly using geometric programming 
Lastly， by solving an optimizing problem with a local optimum solution， s巴quentialgeometric program. 
ming is compared with sequential unconstrained minimization t巴chnique，and it is concluded that， inthis case， 

























hm(x)二 2σ耐 CmtIlxi:m'n ， m= 0， 1， ~ ，M 
t~l nニ1
(2-2) 
σ前 t二士 1，Cmt> 0; m二o， 1 ，~ ，M， t = 1 ，~， T m 
Xn> 0;η 二 1 ，~， N
2-1 正多項式 (posynomial)の場合
まず最初に，すべての目的関数，制約条件式が正多項式である場合を考える。つまり，





~んt= 1 (2-4) 
直交条件
ルf T間
乏~~αmη2伽入m耐t こ 0; }ηt= 1 ，~，N f 
"修舎k二 ot~l
(2-5) 
人附与三 0;m=O ， l ，~，M ， t 二 1 ，~， Tm (2-6) 
の条件のもとで，双対関数
~ ~(CmtÀ ，仰い tz(A)1EhJ) (2-7) 
を最大にする Aの決定。ここで，
Tm 
人間O二~ À"吋主主 O;m=l ，~，M (2-8) 
、 ，
? ? ? ?
?
〉? ? ? ? ? ?
??? ??
、 ?、 、 、 ?
? ?



























CotI1 XnUotn= Aotz(A); t二 1，~， To 
nニ 1
N 1 
CmtI1 XnUmtn= I"mt ; t= 1 ，~ Tm， 
n=l 八mo
、? ? ? ?
? 〉











2σ。バot二 σ(=::!::1 ) (2-4)' 
直交条件
さき σmtamtn人η吋=0;η 二 1 ，~，N (2-5)' 








































CotIIlxfotn ニグotÀot σz (À );t=l ，~， To I 
N / 1 ¥ I 




画法よりも有利な手法であるといえる。つまり，非線形問題である主問題を式(2 -4)， (2 
-5)，あるいは，式(2 -4 )'， (2 -5 )'の線形連立方程式を解く問題に変換でき，かつ全
域的最適解を得ることができる。また，困難度が少ない場合は，問題は多少複雑になるが，制
















ん(X)ー ん(X(吐 (3-1) 
ここで，




式(2 -1)， (2 -2 )で表わされる問題は，次のようにも表現できる。
制約条件式
hm(x)三玉σm;m= 0， 1 ，~，M 
のもとで，Xoを最小にする xの決定。
ここで¥
Tm N ~ 




式 (3-3)で、表わされる hm(x)は負の係数を含むものとすると，式 (3-2)は次のよ
うにも考えることができる。
hm(X)= h-+;，(x)-hム(X)三σm ß-~ 
h-+;，(x)， hム(X)は，それぞれ m 番目の制約条件式中の正，負の係数の項の集合を表し，そ
れぞれ正多項式である。式(3 -4 )の制約条件式は，次のようにも表現できる。
Qm(X) 
三五 1 Fm(X) 
Qm(X)， Fm(x)は， σmの正負により次のように定義きれる。
i ) σm=十 1の場合
Qm(X)二 h-+;，(x)，Fm(x)= 1 + hふ(X)
i) σm=-1の場合









T;" n" N 











_ f0 TT amtn¥" n (__{1)¥ _ Pmt(X(l)) 
小 r(CmtIIXnamtn)XPm(X(l) 1一一一一一一
Pm(X)詮Pm(Xどり=rl\'-'m tJ_nj_ ~n ， "~m\ ""， '1 Pm(x(1)) 




Pm(X) = Pm(x， x(l)) 
これより，


















































Lf二 0.385E( ':".~. I 







k2三 3.75 k1 (4-9) 
結局，式(4 -1 )を最小にし，式 (4-3)，(4-5)， (4-9)の制約条件のもとで，
設計変数kl，k2， t， hを決定するという問題になる。このままでは，幾何計画法を応用でき
ないので，
K= 1 + 6 k1k2 
なる新しい設計変数を導入すると， 目的関数式 (4 -1 )は，
(4-10) 
2ρA f= ~~. th+工 Kth3 "'. ， 3 (4-1)' 
式(4 -3)， (4 -5)， (4 -9 )はそれぞれ以下のようになる。
民Mh~r_l ，_1 ワ7fk-lt lh一宝 1
0.2765Mb ~r_l ._> 一~'Ë~""U K-1c"三五 1 
(4-3)' 
(4-5)' 

















:i ¥σρ/ ¥ E / 
となる。ここで，
z' (入02)= (2人02)-，102( 1λoz)(1λ02 
とおくと，
L(入ω=log z' =一{人021og(2入叫十 (1 人oz)log(1一入ω)}
λ02とLの関係を示すと図 2のようになり，
(4-13)の範囲で， Lを最大にするん2は，
入 2-02 -3 
となり，式 (4-12)の関係より
人 _1-01-3， 人31二 O
各設計変数は
fρMt 

































































q1bZ(1十3SInθ)壬 1 (4-20) 
7.24η?;E • 
ii) 降伏応力
σA三 σy (4-21) 
式 (4-16)を代入すると，
-~ー 1土豆旦丘 ζ12σy t 晶 (4-22) 
結局 9 式 (4-18)， (4 -20)， (4 -22)のもとで，式 (4-15)も最小にする設計変数の
決定という問題になるが，このままでは，幾何計画法の適用が難しいので，
S = 1 +sin8 










-2λ11 +2;b= 0 






















」ー r3.929 IJtc2v 1 L()..21)二 logz=log庁制十入21・logj一一τ一一一|
V Y lπ2η子q2E2 J 
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(4-27) 
式 (4-27)は，入21に関して線形であり，式 (4-25)の範囲では， λ21の係数の正負に
より L の最大を与える λ21は両端の値をとる。つまり，
t ( 1fqE ¥ま








fmin =1.408ηT8 ¥ '";i; ) 
S=? 
ゆえに，
をー(qcL¥t L_" ')0'---fa( qc3V ¥ 。 =300 • t=1.056ηTトミマ )2， b=2.384η河毛主ニド
¥ 7τiエ I ¥J[-nl 
(4-28) 
(4-29) 
この結果は， Spuntと一致するが， Spuntは式(4 -28)の条件式を導いていないので不十
分といえる。
ま(1fqE \~ i)σy<0.710ηH "'i~ ) 




























f ={(1 -2α)X1X3+2αX2X3}l 
制約条件式は，点 C，Dで応力度と寸法に関する 2式を考慮すると次のようになる。
図-4目的関数を総体積とすると，
Pl _0 _，1.5つf Xlzxf三五 1 
Uα 





X1 =!0.3Pl/瓦 X1， (4-32) X3= 5 X3 X2ニ 10X2，
と変数を変換すると，




Xi1三五 1 1 


















"¥01 + "¥02二 1J 
直交条件，
以上より，
、 、? ? ? ? ? ? ?














(4-38) 2 1 o ~玉 λ21 ~ ~ -:， ，.¥ =3 2 0 三五 λ01 壬 1， 














_ 2 "¥01 logKl~五 0; "¥21 一一3 2 
(4-41) 
logKl < 0;人21=0 
l叫
式(4 -40) を人01に関して微分しOとおくと，入。1，"¥02は次の式 (4-41) を考慮して，
人一一 102-1 + K
2 
ように求まる。







Xl二必三子両a，X2 = 10cm， X3 = 5 cm 
fmin = 25121{2(12 -jO.006P1/σα)α+jO.006P1/σα} 
式(4 -44)はαに関して線形である。










X2 = 10( 0.006αP1/σα)t ~ 
X3 = 5(0.006αP1/σαrr J 














r ( ， / 0.003P1 ¥ σα /0.003P1 1 
fmin =5011 ( 1 υ )一一←一一十υ一一一一一}l ¥ ~ Vσα ) 0.003P1 'Vσα) 
ρ 5，+ 1= 5 m，α→， σα=削吋c日時，式(4 -46 )， (4 -47)より





さらに，この条件での最適な αは，式 (4-50)より 0.087であり，この時/閉山は，























点A;X1 = 1.0976， x2=2.3374， ho二 2.2663
点B;X1二 1.9224，X2 = 0.9626， ho = 2.4037 
この問題は，制約条件式に負の係数を含み，幾何計画法を用いると困難度は 5となり，この
ままでは主問題を解く方が楽である。そこで，式(4 ← 52)~( 4 -54)を式(3 -1 )に従っ
て次式で近似する。
、? ? ? ?



































H(x， rJ= ho(x)+ r，土ー ユt::¥， Jニ 1，~，] f':;1 1-hi(X) (5-56) 
ここで乃は次のように与えた。
rj=lOκj+l ( 4 -57) 
数値計算の結果を表一 1-4に示す。( )内の数字は，初期値(X10，XZO)， J，κは式(4 





J κ Xl X2 h。 t J κ Xl X2 h。 t 
6-2 1.1279 2.3172 2.3134 40 6 -2 1.1244 2.4190 2.3339 135 
6 -1 1.1130 2.3458 2.2859 108 6 -1 1.1095 2.3475 2.2832 136 
6 -0 1.1391 2.3321 2.3051 67 6 -0 1.9299 0.9615 2.4106 48 
8 -1 1.2040 2.3062 2.3570 43 8 -1 1.0982 2.3465 2.2685 129 
SGP 1. 0976 2.3374 2.2663 13 SGP 1. 0976 2.3374 2.2663 20 
表-1 表-2
(4，4) (4.1) 
J κ Xl X2 ho t J κ エ1 X2 ho t 
6 -2 1.1351 2.3944 2.3323 61 6 -2 1.1337 2.4398 2.3536 217 
6 -1 1.1060 2.3486 2.2803 89 6 -1 1.1060 2.3486 2.2803 88 
6 -0 1.9296 0.9613 2.4103 39 6 -0 1.9296 0.9613 2.4103 39 
8 -1 1.0982 2.3390 2.2678 69 8 -1 1.0982 2.3396 2.2678 68 






次に計算時間を比較する。 SGPの4つの例の平均時間は 16msecであるのに対し， SUMT 
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A Fundamental Study on the Use of Statistical Methods in the Evaluation of 
Traffic Accident Risk of Highway Section 
Kazuo Saito and Jun-ichiro Takeda 
Abstract 
Th巴reare two methodologi巴sto be est呂blishedfor the dev巴lopmentof an eff巴ctivehighway safety 
program: namely on巴isthe methodology to evaluate the traffic accident risk of highway s巴ctionand the oth巴r
is the methodology to evaluat巴th巴effectiveness of alternati ve safety countermeasures 
In thi s study， wri ters carry旦fund呂mentalstudy on th巴 useof statistical methods with th巴purposeof 
establishing the methodology for evaluation of traffic accident risk of highway s巴ction. This pap巴rconslsts 
of the following three st呂tisticalanalyses; 
(1) the use of acci d巴nt.ratequality control method in id巴ntificationof hazardous highw且ysectlOn， 
(2) the use of multivariate method in the prediction of accident risk of highway section， and 
(3) the us巴ofmultivariate method in the discrimination of h呂zardoushighway section 
These analyses ar巴carriedsystematically by the use of data on the N乱tionalHighw丘ySystem in Hokkaido， 
and some important results which are suggested the usefulness of these statistical methods in evaluation of 






































































のうちから X1 平均道路幅員 (m)，X2・信号交差点密度(個/km)，X3・非信号交差点密度
(1間/km)，X4 :区間平均速度 (km/hr)，X5・歩行者交通量(人/12hr)，X6・自転車交通量(台/





よて!と X， X， X3 X， X5 X5 X， XB X9 Rt R， Rω R， 
道路幅員X， l.Cω 
信号交差点密度X， 0.7380 1.00 
非信号交差点音度X3 0.5417 0.4871 1.00 
区間平均速度X， 0.6067 0.6738 0.5620 1.00 
事行者交通量X5 0.3403 0.671 0.3158 0.4612 iωω 
自転車交通量X6 0.3548 0.32ω 0.5107 0.5120 0.2768 1.ω00 
自動二輪車交通量X， 0.6858 0.5ω9 0.6245 0.652 0.3481 0.6647 1.ω00 
買物車混入平X8 ~0.3724 ~0.4112 0.2321 0.2977 0.2958 0.14凶 0.3931 lωω 
自動車交通量X9 0.8347 0.68侃 0.4805 ~0.5586 0.2617 0.2967 0.764 0.4234 lωω 
歩行者事故事Rt 0.2987 0.4490 0.4342 0.517 0.4202 0.4164 0.4090 日3214 0.2085 1.ω∞ 
車両相互事故事R， 0.5708 0.6817 0.5402 0.6103 0.4754 0.4389 0.5219 0.281 。羽田 0.5731 1.00 
車両単独事故車R" 0.1424 0.0505 0.0246 0.0851 。的回 ~0.0789 ~0.1422 O.仰56 0.2104 0.0809 0.0110 1.00 
全体事故率R， 0.5112 0.6578 0.5515 ~0.6259 0.5132 0.4638 0.5147 0.2267 0.3853 0.7923 0.9445 0.1568 1.00 
平 均 値 7.898 0.506 1.216 44.718 836.24 270.97 230.43 0.51 6410.6 0.4124 1.401 0.1482 1.9617 







































































区間 全事故数 区間長 A D T 走行台キロ 区間事故率 k限事故率 下限事故率 ん>UCLNo Ai(件) Li(km) (台/12hr)fni(百万台km);(件/百万台km)UCL(件/百万古回)LCL(件/百万古回)
1 150 2.9 22898 24.2375 6.1887 3.1460 0.7774 * 
2 48 3.1 13489 15.2628 3.1449 3.1023 0.2547 * 
3 97 14.5 7887 41. 7419 2.3238 3.9668 0.0549 
4 57 22.4 4309 35.2304 1. 6179 4.3842 0.5055 
5 29 2.3 7530 6.3214 4.5876 3.3334 0.5900 * 
6 94 28.6 3738 39.0210 2.4090 3.9380 -0.0146 
7 29 2.7 7545 7.4356 3.9002 3.4799 0.5717 * 
8 30 20.1 3485 25.5677 1.1734 4.9220 -0.9986 
9 12 7.7 3396 9.5445 1. 2573 4.8076 -0.88"42 
10 15 2.3 5615 4.7138 3.1822 3.6577 0.2657 
11 11 14.8 1290 6.9686 1.5785 4.4635 0.5431 
12 17 29.0 1038 10.9872 1. 5473 4.4917 一0.5683
13 21 10.5 1187 6.8372 3.0714 3.6909 0.2325 
14 13 10.6 1965 7.6026 1.7099 3.4014 0.5220 
15 14 12.6 4022 18.4972 0.7569 5.7776 -1.8542 
16 16 0.6 4552 0.9971 16.0464 2.6782 1.2452 * 
17 26 13.7 3546 17.7318 1.4663 4.5397 -0.6163 
442 6 5.8 2389 5.0766 1.1819 4.9098 -0.9864 
443 32 24.5 1917 17.1428 1.8667 4.2389 -0.2655 
444 13 2.5 3919 3.5761 3.6353 3.5533 0.3844 * 
445 23 1.4 13203 6.7467 3.4091 3.0927 0.3282 * 
















ると， 96区間(全区間の 21.5%，総延長の 6.2%)が事故多発区間として分類され，そこでは
事故全体の 47.3%，死傷者の 42.4%が含まれていることになる。
一一一…_V.2-iU.2___ι 一
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¥実里 延長 走行台キロ 平均事故率|区間数 事故件数 死傷者数
分類群 区間 % km % 百万台キロ % 件 % 人 % 市百万台キロ|
歩 I 群 73 16.4 318.7 6.6 934.7 15.0 1190 46.3 1270 45.9 1. 2731 




117 26.2 1752.8 36.5 1912.8 30.7 142 5.5 156 5.6 0.0742 
合計 446 100.0 4806.6 100.0 6228.6 100.0 2569 100.0 2769 100.0 0.4125 
車 I群 80 17.9 254.6 5.3 1283.2 20.6 4138 47.4 6372 42.5 3.2248 
尚
I 群 241 54.0 2468.9 51.4 2700.7 43.4 3342 38.3 6260 41.7 1. 2375 本目
互 II群 125 28.0 2083.1 43.3 2244.7 36.0 1247 14.3 2369 15.8 0.5555 
事
故 合計 446 100.0 4806.6 100.0 6228.6 100.0 8727 100.0 15001 100.0 1. 4011 
車 I 群 39 8.7 600.8 12.5 411.3 6.6 218 23.8 380 22.6 0.5300 
両
I 群 277 62.2 3172.5 66.0 4580.5 73.5 693 75.7 1277 75.8 0.1513 単
独 II群 130 29.1 1033.3 21.5 1236.8 19.9 4 0.4 27 1.6 0.0032 
事
故 合計 446 100.0 4806.6 100.0 6228.6 100.0 915 100.0 1684 100.0. 0.1469 
全 I群 96 21.5 297.5 6.2 1353.9 21.7 5778 47.3 8248 42.4 4.2677 
体 I 群 220 49.3 2377.6 49.4 2358.0 37.9 4221 34.5 7182 36.9 1. 7901 
事 II群 130 29.2 2131.5 44.4 2516.7 40.4 2220 18.2 4019 20.7 0.8821 












































( 1 )重回帰分析 (Multipleregression analysis) 
いま， (5)式において z区間の事故率 Yiと区間のもつ要因X口 (jニ 1，2，…， m) と
の聞に線形一次結合を仮定すると次のように表わされる。
Yi=bo+ムXi1十九Xi2十……十bmXim+εz………(6 ) 





これらの仮定が満足されるものとして， ( 6 )式を最小2乗法で解くと次の予測式が得られる。
Yi=bo十b1Xi1+b2Xi2十……十bmXim……… (7 ) 




YiニβlXil 十β2Xi2 +……十β間Xim……一 • (8) 
ここで，係数si(i= 1， 2，…， m)は基準化された各説明変量Xiの重みであり，標準回帰係
数あるいは β~weight と呼ばれる。この βの絶対値の比較は基準変量の推定に果たす各説明変
量の影響度合を示すことになる。
また， ( 7 )と(8 )式の予測の精度については重相関係数(multψle correlation coefficient) 
Rによって判断することができ，この重相関係数の 2乗を寄与率といい，回帰による変動が全
変動に対してどの程度の割合を占めているかを示す。
( 2 )数量化理論 I類 (Hayashi'squantification theory 1) 
数量化理論 I類は，定量的要因と定性的要因を同時に取り扱う多変量解析の一手法である。




Yi=allXi11十a12Xi12+……十aj1Xω十……+ajkXijk'・h ・-…(9 ) 
ajl・要因人カテゴリー 1
αjk 要因 j，カテゴリ-k
ここで，Yiをサンプルスコア，ajk (jニ 1，2，…，m ，k=1，2，…， s)をカテゴリー







度を示す重相関係数は Rニ 0.7607となり，寄与率は 58%とかなりの程度の予測が可能である。
この重相関係数は危険率 αニ 1%水準て、高度に有意で、あった。
表-4 重回帰モデルによる分析結果
説明変量 回帰係数 椋41回帰係数 単相関係数
道 E宅 中品 員Xj 0.0781 0.1163 0.5112 
信号交差点密度X2 0.9229 0.4763 0.6578 
非信号交差点密度X3 0.2152 0.1934 0.5515 
区間平均速度X4 0.0390 0.1887 0.6259 
歩行者交通量X5 0.0001 0.0388 0.5132 
自転車交通量X6 0.0006 0.1028 0.4638 
自動二輪車交通量X7 0.0008 0.0995 0.5147 
貨物車 i比入 Z字X8 0.8235 0.0037 0.2267 




変動要因 日 由度 分 散 F値(分散度)
回帰による 9 127.9264 
66.52 
残差による 436 1.9231 
+実 瓦ミ
Fí~I=66.52 > F(9.436，99%) ニ 2.407
Fiill=66.52 > F(9.436，95%) =1.880 
(108) 
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次に，同じ 9 種の説明変量を 3~5 のカデゴリーに分けて数量化理論 I 類による分析を行






表 6 数量化理論 I類による分析結果
要 因 カァゴリー サンプル数 カァゴリースコア 偏相関係数(順位)
~7.5 304 0.2606 
道路船員(m) 7.5~9.0 44 0.2435 0.1687 (4) 9.0~13.0 62 0.6486 
13.0~ 36 0.7859 
。 193 0.4746 
信号交差点、街j主 0.0~0.5 152 0.4314 
0.3257 (1) (伽iJ!km) O.5~1.0 36 0.6718 
1.0~ 65 2.0459 
。 44 ← 0.1925 
非f口号交差点密度 0.0~1.0 276 0.0970 
0.0995 (9) (例/km) l. O~2.0 53 0.3155 
2.0~ 73 0.2536 
~30 46 1.2174 
区間平均速度 30~40 88 0.2582 
0.2128 (3) (km/hr) 40~50 134 0.1969 
50~ 178 0.2940 
~2C ヲ 217 0.1060 
歩行者交通量 200~400 59 0.2668 
0.1081 (8) (人/12hr) 400~700 35 0.3083 
700~ 135 0.1338 
~200 278 0.0178 
自転車交通量 200~400 66 0.2704 
0.1281 (7) (f; /12hr) 400~700 50 -0.0529 
700~ 52 0.4895 
~200 291 -0.1215 
白動二輪申交通量 200~400 73 0.0786 
0.1307 (6) (台/12hr) 400~700 52 0.0014 
700~ 30 0.9919 
貨物車 Ji入手一 ~30 3 2.7471 
(%) 30~50 98 0.1874 0.1631 (5) 50~ 345 0.0293 
~3 ，000 194 0.3232 
自動車交通量 3 ， 000 ~ 5 ，000 83 0.4080 
(fi /12hr) 5， 000 ~ 10，000 81 。1594 0.2781 (2) 10 ， OOO~20 ， 000 59 0.7361 
20，000 29 2.2774 
















(a) 重回帰分析による残差分布 (b) 数量化理論 I類による残差分布
図-4 予測値と実視IJ値の残差分布













2j自転車交通量 21 自動二輪車交通量 2十 1貨物車混入率 zl自動車交通量 は9)
力 (X6) I (X7) I ¥はB)
ア
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( 1 )判別分析(Discriminan t analysis) 
判別分析とは， 1m変量の線形一次結合によってつくられる関数
ZiこんXi1十l2Xi2十……十lmXim"，……(10)




















( 2 )数量化理論I類 (Hayashi'squantification theory I) 
この方法は説明変量がカテゴリー化されている場合に，半IJ別関数と同様に判別分析するも
のである。いま，つぎのような合成変量を定義する。
ZiニαllX ill十a12X i12十……十aj1X ω十……十ajkXijk"・H ・'" (12) 
ajl・要因Aカテゴリー l
。jk 要因Aカテゴリ-k

































































要 凶 カァゴリー サンプル数 カァコリースコア 1M相関係数(lill位)
-7.5 304 0.1081 
iH R書中品員(m) 7.5-9.0 44 -0.0258 0.1388 (5) 
9.0-13.0 62 0.3186 
13.0- 36 0.3146 
。 193 0.2184 
信号交予告点街J主 0.0-0.5 152 0.3170 0.3381 (1) ( 1同/km) 0.5-1.0 36 -0.5520 
1.0- 65 1.0610 
。 44 0.0696 
非信号交差点密度 0.0-1.0 276 0.0081 
0.0843 (7) (似dfkm) 1.0-2.0 53 0.1754 
2.0- 73 0.0580 
-30 46 0.4278 
反間平均速度 30-40 88 0.3139 
0.2080 (2) (km/hr) 40-50 134 0.0783 
50- 178 0.2117 
-200 217 0.0777 
歩行者交通量 200-400 59 0.3039 
0.1530 (4) (人/12hr) 400-700 35 0.0890 
700- 135 -0.0117 
-200 278 0.0147 
H転中;災通起: 200-400 66 0.0957 
0.0766 (8) 
( fi/12hr) 400-700 50 0.0262 
700- 52 0.1735 
自動二輪卓交通量 -200 291 0.1385 
(台/12hr) 200-400 73 0.0635 
0.1853 (3) 400-700 52 0.4665 
700- 30 0.6622 
-30 3 0.0713 
貨物卓 Ü~入率(%) 30-50 98 0.0380 0.0223 (9) 
50- 345 0.0104 
ト一一一
-3，000 194 -0.0566 
自動車交通量 3，000-5，000 83 0.0222 
(fi /12hr) 5， 000 -10， 000 81 -0.0710 0.1001 (6) 
10，000-20， 000 59 0.1093 
20，000- 29 0.4062 







めてまとめると表-9のようになる この結果， 1群と I群を判別する場合を例にとれは、，判
( 114) 
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力 O.o I道路幅員 削) 0.5f信号交差点密度 0.5ト非信号交差点密度 0.5↓区間速度 (X4) 0.5ト歩行者交通量 恨の
は2) (X3) 
ア
0.5 0.5 -0.5 一0.5 0ー.5
7' 
p=:0.1388 p=0.3381 ¥ p"，0.0843ρ..0.2080 1 p=:0.1530 
-1.0 j -l.0 L ¥..1.0 L -1.0ι 1.0 
カ 亡刷 0.5(X7) 白B) I (<9) ア O. 5 ~ O  ~ O. 5 
ゴ












の場合，予測の精度を表わす重相関係数は前者でR=0 7607 (寄与平58%)，後者で R=0.7337 
(寄与率54%)であり，前者が若干良い精度であった。このいずれの値も F検定の結果，危険
率 αニ 1%水準で、高度に有意で、あった。
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A Statistical Analysis on the Time Serial Variations 
of Traffic Accident Occurrance 
Ken→ichi Ishii and Kazuo Saito 
Abstract 
It has been recognized that there are some time s巴rialvariations in traffic accident occurrance and these 
variations are th巴mostimportant factor to be considered in the planning of traffic safety programs. So， inthis 
study authers try to analyze the time serial variations of traffic accidents by the use of statistical methods 
This paper contains the iollowing two parts ; 
(1) the time s巴rialanalysis on the yearly and monthly variations in ]apan， 
(2) th巴 Spearman'srank correlation analysis on the trends of monthly variations in traffic 旦ccidentsand 




































列は 1966年から 1975年に至る 10年間の統計量であり，事故件数は全国と北海道の 2つを分析
表-1. データ系列の分類と対象地域



























































要 因 変動 自由度 不偏分散推定値 分散比 寄与率
年 (Y) Sy t-1 Vyニ Sv/(t-1) Vy/VE ρY 
月 (M) SM m-1 VM=SM/(m-1) VM/VE ρM 
誤差(E) SE mXβ-1) VE=SdmX(t-1) ρE 






















































E( r)二 f(lV2) -・(7)
このデータ系列に含まれる連の数は反転の数より常にひとつ多いことから，連の数Rの期待値
E (R)は，


















?? ? ???? ?? ?? . .(10) 
ここで¥

























d ijは各年における 1月のもつ相対順位で，数値の小さいJI頃に(1， 2， .. J 
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表-3. 年変動と月変動の分散比 表-4. 分散分析による寄与率(%)
データ 年変動 月変動 データ 年変動 月変動
A-1 164.266 








B← 8 11.358 
B-9 41.043 
B -10 4.478 
B-11 12.662 
B -12 9.923 
B -13 16.178 
B -14 7.728 
系列 1月 2月
A-1 81. 5 79.7 
A-2 84.1 74.6 
B-1 88.3 79.5 
B-2 58.1 51.8 
B-3 63.0 53.4 
B← 4 89.0 85.0 
B-5 96.8 85.8 
B-6 98.5 85.5 
B-7 59.6 59.0 
B-8 88.1 74.2 
B-9 96.6 89.9 
B -10 47.5 62.6 
B-11 93.2 80.4 
B -12 97.4 89.2 
B -13 100.5 88.3 






















F ~:( 001) =2.432 











B -10 14.6 
B-11 36.8 
B -12 35.1 
B -13 41.6 
C -14 28.5 
表-5. 連環比率法による各データ系列の月指数
3月 4月 5月 6月 7月 8月 9月
96.0 98.1 101. 5 99.6 109.1 113.4 104.6 
78.1 70.7 89.5 103.2 112.3 125.7 114.0 
96.7 96.6 96.2 89.6 101. 9 113.7 102.7 
61. 7 86.9 104.6 118.2 129.9 142.5 125.9 
72.0 92.4 105.4 100.7 114.8 142.7 119.0 
98.4 95.9 89.1 88.5 99.5 112.2 111.1 
103.3 100.0 100.0 88.1 100.3 99.0 99.1 
100.3 104.0 90.5 84.6 92.3 106.5 98.3 
87.7 102.4 112.3 101. 9 116.8 125.9 102.0 
89.9 94.3 102.7 85.2 113.5 122.4 92.7 
105.7 98.4 94.3 89.2 95.8 101.5 97.0 
92.8 85.1 95.5 105.2 120.2 125.2 117'.0 
103.0 77.3 104.0 88.4 102.0 111.3 97.4 
207.7 88.9 91.4 87.9 86.2 116.6 96.2 
104.7 95.0 91.6 76.3 96.2 103.0 100.1 








































































7， 10は他3， 各データ系列の月指数を比較した結果，事故死者数のデータ系列B-2， 










































たので計算の時，t =-(2 n-1 )，…， -5， -3， -1，十 1，十 3，十 5，
…， + (2 n-1)， nは正の整数。
最小二乗法により求めた各データ系列の係数値を表-6に示す。
表-6. 各データ系列の二次傾向式の係数
系列 A。 AI 
A-1 0.599 X 102 0.299 X 10-1 
A-2 0.236X101 0.664X 10-2 
B-1 0.135X102 -0.963X10-2 
B-2 0.707 X 100 0.452X 10-3 
B-3 。149X 101 0.406X 10-3 
B-4 0.156X101 O.208X10-3 
B-5 0.239 X 101 0.279X10-2 
B-6 0.169X101 -0.281X10-2 
B-7 0.433X100 0.270X10-4 
B-8 0.620X 100 0.559X 10-3 
B-9 0.138X101 0.207 X 10-2 
B -10 。‘199X 100 -0.134X10-3 
B-ll 0.955 X 100 0.642X10-3 
B -12 0.644 X 100 -0.132X 10-4 





0.240 X 10-2 
0.1l2X 10-3 
0.319X10-3 
0.233 X 10-4 
0.339X10-4 
0.435 X 10-4 
-0.626X10-4 
0.322 X 10-4 
0.127-10-4 
-0.131 X 10-4 
-0.274X10-4 
0.475X10-5 




系列 項数 偏 差 理論偏差
A-1 3 43.33 40.48 
A-2 7 42.67 39.09 
B -1 9 42.33 38.39 
B-2 7 40.67 39.09 
B-3 15 38.33 36.30 
B-4 9 39.33 38.39 
B-5 11 43.00 37.70 
B-6 21 38.33 34.21 
B-7 33 31.33 30.03 
B-8 27 32.33 32.12 
B-8 21 36.33 34.21 
B-9 
B -10 5 4l.00 39.79 
B-ll 

































































































































1.0:ム ←一一一一一 一一一一一一一一ー 一一一一一一一ー ←一 一
図-8ー (d)
事故死者数系列 (B-2)のコレラグラム
図-8ー (e) 図-8ー (f)




























2， 4月が増加そして 10，1， 12月が減少傾向において高度に有意となっていた。
はぽ同じ時期の英国での 9年聞の統計と比較すると，走行量は英国においても増加し続け
ていたが順位相関係数は夏季に減少し，冬季に増加する傾向を示しており日本とは全く異って
表-8. 日本の月別走行量のノ、一セント， 1966-1975 
1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 I 
1 月 6.31 6.59 6.72 6.82 6.99 7.52 7.73 7.94 7.53 7.42 
2 月 6.62 6.84 7.04 6.94 7.06 7.38 7.76 7.35 7.25 8.09 
3 月 7.80 7.98 7.95 7.95 8.01 8.34 7.86 8.49 8.23 8.01 
4 月 7.65 7.87 7.76 7.95 7.86 8.07 7.80 8.18 8.19 8.40 
5 月 7.93 8.43 8.32 8.38 8.22 8.52 7.88 8.37 8.54 8.55 
6 月 7.86 8.22 8.10 8.26 8.19 8.28 8.03 7.82 8.26 8.43 
7 月 9.16 8.70 8.80 8.92 8.73 8.72 8.52 8.80 8.10 8.12 
8 月 9.26 8.93 8.96 8.67 8.68 8.58 8.62 9.41 9.12 8.77 
9 月 8.88 8.54 8.62 8.66 8.73 8.55 8.09 8.81 8.93 8.84 
10 月 9.52 9.24 9.05 9.04 9.04 8.60 9.06 8.51 8.30 8.25 
11 月 9.07 8.95 9.05 8.90 8.95 8.47 8.98 8.31 8.45 8.17 
12 月 9.94 9.73 9.62 9.53 9.55 8.96 9.67 8.02 9.10 8.96 
12月 3月 30.67 31.14 31.33 31.24 31.61 32.20 33.02 31.80 32.11 32.48 
6月-9月 35.16 34.39 34.48 34.51 34.33 34.13 33.26 34.84 34.41 34.16 
その他 34.17 34.47 34.19 34.25 34.06 33.67 33.72 33.36 33.48 33.36 
(132) 
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表-9. 日本の交通事故発生件数の月別ノ〈一セント， 1966-1975 
1966 1967 1968 
月 6.14 5.88 6.32 
2 月 6.10 5.86 6.46 
3 月 7 83 7.48 7.81 
4 月 8.15 7.81 7.98 
5 月 8.04 7.67 7.80 
6 月 8.00 7.92 8.03 
7 月 9.21 9.06 8.99 
8 月 9.96 9.84 9.58 
9 月 9.35 9.47 9.21 
10 月 9.37 9.73 9.13 
11 月 9.02 9.28 8.88 
12 月 9.12 10.00 9.83 
12月 3月 29.19 29.22 30.42 
6月一 9月 36.52 36.29 35.81 
その他~ 34.49 33.79 
表-10.走行量の月変動のスピア
7 ン順位相関係数
日 本 英 国
1 月 0.842業業 0.650 
2 月 0.879減策 0.567 
3 月 0.618 0.275 
4 月 0.8d6※※ 0.000 
5 月 0.491 0.358 
6 月 0.355 0.633 
7 月 ~0.676 米 0.867米米
8 月 0.079 ~O. 783業
9 月 0.285 0.133 
10 月 0.870米米 0.275 
11 月 0.809米東 0.6il3米
12 月 ~0.767 米業 0.050 
(杭)英聞のデ タは1965ー 1973の 9
年間の統討
議 t 検定の水準 1%で有意

















1970 1971 1972 1973 1974 
6.67 7.18 7.47 7.53 6.85 6.98 
6.68 6.60 7.00 7.30 6.74 
8 10 8.21 8.16 8.65 8.04 8.09 
7.81 8.14 8.38 8.54 8.14 8.401 
8.74 8.54 8.70 8.99 8.66 8.66 
8.61 8.19 8.27 8.53 8.57 8.32 
9.24 9.18 8.98 8.99 9.02 9.00 
9.61 ヲ58 9.32 9.23 9.40 8.86 
8.75 8.59 8.05 8.31 8.24 8.47 
8.74 8.88 8.65 8.55 8.91 9.15 
8.54 8.24 8.46 7.82 8.65 8.72 
8.52 8.70 8.57 7.57 8.79 8.59 
29.97 30.69 3l.20 31.05 30.42 30.41 
36.21 35.54 34.62 35.06 35.23 34.65 
33.83 33.80 34.19 33.90 34.36 34.94 
表-11. 交通事故発生併数の片変動のスビア
マン順位相関係数
日 本 北海道 英 国
1 月 0.794業旅 0.976機業 0.800米
2 月 0.879終業 0.885業業 0.867米米
3 月 0.612 0.600 0.117 
4 月 0.594 0.333 0.483 
5 月 0.718米 0.403 0.550 
6 月 0.745業 0.221 0.600 
7 月 0.433 ~0.673 第 0.900米※
8 月 0.906減策 0.927来栄 0.550 
9 月 ~0.879 来栄 0.927築業 0.233 
10 月 0.430 0.115 0.083 
11 月 0.539 0.948米米 0.325 




交通事故発生件数のこの 10年聞の推移は 1969(昭和 44)年を境にして増加，減少の傾向




















英国においても日本と同様な傾向が示されていたが，米国は 4，5， 7， 11， 12月が統計
的に有意となっておりこれら三国の事故死者数の月変動傾向の違いが示きれた。
表-12. 日本の交通事故死者数の月別ノ〈一セント， 1966-1975 
1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 
l 月 7.57 7.36 7.13 6.93 7.38 8.01 7.88 8.23 7.51 7.40 
2 月 6.57 6.41 6.41 6.81 6.80 6.42 6.86 7.37 6.83 6.87 
3 月 8.39 7.58 7.82 7.87 8.22 8.17 8.09 8.66 8.68 8.65 
4 日 8.43 8.58 7.95 7.93 7.58 8.06 8.18 8.23 8.24 8.12 
5 月 8.14 7.49 7.29 7.80 8.46 8.86 7.71 8.86 8.27 8.28 
6 月 7.55 7.40 7.56 7.35 7.69 7.00 7.50 7.36 7.54 7.69 
7 月 8.19 8.85 8.64 8.16 8.83 8.49 8.28 8.71 7.44 8.66 
8 月 9.67 9.84 9.30 9.76 9.23 9.48 8.92 9.21 9.09 9.63 
9 月 9.13 8.79 8.40 8.88 8.75 8.44 8.03 8.28 8.23 8.14 
10 月 9.08 9.58 9.48 9.21 8.80 9.09 9.64 8.93 8.80 8.38 
11 月 8.63 8.68 9.92 9.41 9.04 8.93 9.25 8.46 9.88 9.06 
12 月 8.75 9.43 10.10 9.88 9.23 9.04 9.68 7.71 9.50 9.11 
12月一 3月 31.28 30.78 31.46 31.49 31.63 31.64 32.51 31.97 32.52 32.03 
6月 9月 34.54 34.88 33.90 34.15 34.50 33.41 32.73 33.56 32.30 34.12 





日 本 ヰヒ j毎 道 英 国
1 月 0.418 0.903業業 0.377 
2 月 0.791業業 0.139 0.782被米
3 月 0.661米 0.176 0.069 
4 月 0.091 0.248 0.063 
5 月 0.530 0.340 0.274 
6 月 0.076 0.297 0.304 
7 月 0.091 0.152 -0.410 
8 月 0.558 0.367 0.311 
9 月 0.830被疑 0.721※ -0.204 
10 月 0.536 0.030 0.225 
11 月 0.218 0.152 0.331 
12 月 0.152 0.248 0.229 
(注)英[上1，米国のデータは1956-1972の17年間の統計
東米 t 牧定の水準 1%で有;昔、
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Hydraulic Transport of Solids in Pipes 
Part 6. Effects of Particle Concentration and Diameter 
Ratio on the Flow Pattern of Solid-Liquid Mixtures 
and on the Vertical Diffusivity 
Kyokai Okuda and Hideaki Yamagishi 
Abstract 
The authors present two items of model test results for th巴mechanicsof solid-liquid flow in hydraulic 
transport pi peline 
The one is the effect of particle concentration in pipe and diamet巴了はtioof particle to pipe on the flow 
pattern of solid-liquid mixtures as expressed in the f'ollowing form 
C xFrdl' x (dID) 0.7728 =0.5333. 
wher巴Cis particle concentration in pipe， Frdl particle Froude number at the flow pattern transition from 
"moving bed" to "asymmetric suspension"，旦nddID diam巴terratio of particl巴toplpe. 
The other is the effect of both particle concentration and diameter ratio on the vertical diffusivity as 
illustrated in the paper. 
1.まえ力ずき
























1. 27， 1. 15， 1. 05である。 l回に装入した球の個数はそれぞれについて， 25， 50， 100個，流




























C -Frd - (流動様式) 3 
J. zs IS " . JS s・. Fid ，. 























C二 !l(d/D) X Frdn 
同じく上限を表わす曲線を
C二 !u(d/ D) X Frdn (2) 
と置く。ただし， !t (d/ D)，ん (d/D)は d/Dのある種の関数とする。





C X Frd/ X (d/ D)0.7728 =0.5333 (4) 
上限に関しては










































































vc二 C"/ C2(s=]jCvgD 
ただし， Cつま常数で管径D<250mmのとき C"二 7-8， 
D= 250 -500 mmのとき C"=8 -9， 
C2=0.70-0.46 (岩石)， 0 . 46-0 . 32(砂利)，
0.32-0.20 (石炭)， 0.20-0.10 (無煙炭)，
5 :粒子比重 Cv:粒子の吐出濃度， g:重力の加速度。
著者の式(4)を F凶二 Vc//反(5二1)，ただし d:粒子の直径，
によって変形すると
Vc =/O.5333gd(s-1)/{ C x (d / D)O.7728} 
( 6 ) 




(2) Durand and Condoliosの式との比較




(Cv二 0.05，C二 0.06，d/ D=0.06の場合)
管径D，粒子比重s Smoldyrev( C v = 0.05) 著者(C0 06 ) d/Dニ 0.06
0.1m，2.65(砂利) 1.54 m/s 2.75 m/s 
0.1m，1.6 (石炭) 0.78 1. 66 
0.3m，2.65 3.01 4.77 




1 : 1.79 
1 : 2.13 
1 : 1.58 
1 : 1.91 






表2 Durand and Condoliosの式の VLと著者の式の Vcとの比較
(Cv=0.05， Cニ 0.06，d/ D=0.06の場合)
管径D，粒子比重s Durand and Condolios 著 者 上じ
0.1 m， 2.65 2.41 m/s 2.75 m/s 1 : 1.14 
0.1m， 1.6 1.45 1.66 1 : 1.14 
0.3m， 2.65 4.17 4.77 1 : 1.14 
0.3m， 1.6 2.52 2.88 1 : 1.14 
(3)川島の式7)，8)との比較
Vc = [( n一川K{<<n/両日)}-n]2~ 
ただし n=1.5， Kニ 200， 実験範囲:ビニール・ペレット，安山岩砕石，
d=3.5-6.9mm， Cv=O.lO， 水平管内摺動流。
CDニ 1.558)。









管径D，粒子比重5 川島 (Cv二 o.lool 著者(yot)D=O.06 比
O.lm， 2.65 2.46 m/s 1. 95 m/s 1 : 0.79 
O.lm， 1.6 1.48 1.17 1 : 0.79 
O.3m， 2.65 4.25 3.37 1 : 0.79 
O.3m， 1.6 2.57 2.03 1 : 0.79 











K(αγ) = {XVw/ (2auτ)}・[T(x)-T(x)p/nX) (12) 
となり，右辺は実験によって求められる諸量であるから， K(α，γ)が求められる。
図9には，t-y関係を示す。この図で本実験の結果は口， 0およ&"十印で示してある。他の
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文
CHARACTERISTICS OF FUEL FLOW RA TE 
OF A CARBURETTOR ENGINE 
Shigenobu Hayashi and Norihiro Sawa* 
Abstract 
It is n巴cessaryto feed always an appropriate mixture into the cylinders for r巴ducingthe exhaust emissions 
from an加 tomobilegasoline engine. Therefore， on the practical gasoline engine， we must be well known in 
respect of the stat巴ofpressure wave ch旦racteristicson the throat of a carburettor， by reason of， i t isv巴rylarg巴
influence to the fu巴1flow rate. 
In this p呂P巴r，the authors have measured in respect of the relationship betw巴巴nthe position and opening 
angle of a carbrettor， the 1巴ngthof the fu巴1inj巴ctionpipe， the length of intake manifold， the engine revolution 
speed and fuel flow rate by used crankcase compressed two cycl巴巴ngm巴
Moreover， we have investigated by compaired thes巳resultsto numerical calculation results on unste旦dy
characteristics of a simplified carburettor only for the maiロfuelsystem 
Some conclusions reached are summarized as follows 
(a) The fu巴1flow amount from a carburettor decreases in inversely proportional to th巴amplitudeof pulsation 
wave in the throat of carburettor and is partly gov巴rnedby th巴matchingcondition q 
(b) When th巴throttlevalve of carbur巴ttoris small opening， the fuel flow amount increases with the engine 
speed and the length of main fuel pipe， because of th巴inertiaeffect of liquid column in main fu巴1pipe. 
(c) To prevent the variation of air excess ratio， th巴utilizationof a Helmholtz resonator with elastic membrane 
is effecti ve 
(d) When the throttle valv巴ofa carbur巴ttoris rapidly closed， the fu巴1flow rate is remarkably decr巴呂田dand is 
viol巴ntlyfluctuated before reaches丘 givenvalue in th巴 stationaryoperation. This fluctuation period is 
approximately巴qualto the natural vibration period of liquid column composed of th巴fuelinjection pipe and 
th巴f10atchamber 
(e) Such旦variationof fuel flow rat巴canbe observed in the case of accelerating operation. 
1. Introduction 
To reduce the exhaust emissions from a carburettor engine， itis necessary， during not 
only steady but also transient operation of it， to feed always an appropriate mixture into the 
cylinders. Recently， basic researches (1)，(2)，(3)on carburettor have been actively out， resulting 
in considerably better understanding of its fundamental characteristics. 
Since pressure wave in the intake pipe of an engine used in practice changes compli-
catedly according as the intake pipe system and operation condition， however， itis difficult 
to forecast， based on the carburettor's fundamental characteristics， fuel flow amount at each 
operation condition unless the realities of the pressure wave in intake pipe are understood in 
detail. Although many authors described， on the other hand， the amount of breathing air， 
they did not almost touch upon the tossible effect of the pressur wave on fuel feed condition 
so that many problems are left unsolved. 
lt is possible to discuss the suction process of a four cycle engine similarly to that of a 
* : Prof.Faculty of Engine巴ring，Ibaraki Univ 
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two-cycle engine and dependence of the pressure wave in intake pipe on the operation 
condition， the wave's effect on the carburettor's character etc. may be treated in the same 
manner. In order to investigate the influence of various factors on the fuel feed condition of 
a two-cycle eロgineprovided with an AMAL type carburettor， the author has experimentally 
examined the influences of position， aperture and dimension of the carburettor， the length of 
intake pipe and examined to some degree the relationship with the experimental and 
numerical-calculation results on unsteady characteristics of a so-called simple carburettor only 
for the main fuel system so that these data are described in the following. 
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2. ExperimentaI Apparatus and Methods 
2.1 Carburettor experiment 
Fig.1 shows an experimental apparatus， which is composed of a Nash vacuum pump 80 
NV5M (maximum flow rate 4.5 m3/min)， a surge tank， a rotary or poppet valve for producing 
pulsating and intermittent air flow， piping， a carburettor， a round nozzle and a surge tank for 
measuring air flow rate， a fuel flowmeter etc. Fig.2 shows the structure and main dimension 
of the carburettor to be tested， where a float chamber is separated from its frame and the 
main fuel pipe system is independent of the low-speed one so as to measure' the respective 
fuels. A throttle valve of the carburettor can be finely regulated and flow resistance coef 
ficient仲間ofthe whole main fuel injection pipe composed of a fuel including needle bar and 
呂 fueljet was obtained from the result of steady-flow experiment for each carburettor 
aperture， X. The flow resistance coefficient is given by a relation 
仲間ニ (α十β)/I Re I 
as shown in Fig.3， where αand s are constants and Re is the Reynolds number. Whileαand 
s depend on the carburettor aperture and the flow direction， they are approximately constant 
for ful aperture (X二 0)，α二 30and β=7・103(4)ー
Similary. the flow resistance coefficientφof the idle fuel injection pipe system is shown 
in Fig.4. The fluctuating pressure in the carburettor throat is measured with a strain-gauge 
FUEL FLOI門ETER
? ? ? 」
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Generallayout of testing apparatus (carburetter exc巴riment)
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Fig.4 Flow resistance coefficient 
<Pi of idle fu巴1pipe system 
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Fig.5 Instantaneous fuel flow-meter 
type pressure indicator， the average negative pressure with a manometer and the instan 
taneous flow rate of fuel with a capacity-type instantaneous flowmeter (see Fig.5)<5)， which 
was trially assembled by the author. In the experiment， the required sinusoidal and inter 
mittent， half.wave rectified-one.like pressure wave are approximately given to the carburet 
tor throat and its fluctuating pressure， the instantaneous value of fuel flow rate and its 
average value and the average amount of breathing air are measured. Such experiments are 
repeated for respective condition. 
2.2 Engine experiment 
(147) 
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2.2.1 Stationary operation 
The tested engine are crankcase compression two-cycle one， which have dimensions as 
shown in Table ・1. The used carburettor is a standard product， which is the same as that in 
the carburettor experiment. The experimental apparatus is， as shown in Fig.6， composed of 
a round nozzle and a surge tank for measuring the amount of breathing air， the carburettor， an 

















General layout of testing apparatus (engin巴巴xperiment)Fig.6 
Dimensions of test engine 
~ーー~一一『
Symbo1 ~一~九一一ー 一一一 E-50 E-120 一ー 一一一←一一
Cyユinderbore x Stroke， 町l汀1 40中 x39.8 52中 x5ユ
Stroke vo1ume cc 49.8 lユ8.9
Mean vo1ume of crankcase 161 390 during in1e七 openperiod cc 
Compression ratio 7 :ユ 7.28 :ユ
Inner dia. of in1et pipe mm ユA 20 
Por七七iming Scaveng土ng :t55(B.D.C. ) :t58(B.D.C. ) 
(symme七rica1)
Exhaust :t67(B.D.C.) :t76.5(B.D.C. ) 
工n1et 士60(T.D.C.) :t60(T.D.C. ) 
(148) 
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In addition， a manometer and a strain-gauge type pressure indicator are inserted for 
measuring average negative and pulsating pressures in carburettor throat and a venturi -type 
fuel flowmeter is setted between the float chamber and the fuel tank to measure the average 
fuel flow rate. With the float chamber separated from the frame， only the main fuel system 
is made to work， itlength lf being selected variably according as the experimental purpose 
Another strain-gauge type pressure indicator and a top dead center are installed to measure 
pulsating pressure immediately before the inlet port and in the crankcase， respectively. The 
experimental procedure is as follows. At first， the given intake pipe length Ls， carburettor 
aperture C and its fitting position ls are set and the engine is made to start by means of an 
electric dynamometer to enter into driving operation. 
Since combustion fluctuation caηcause the variations of the amount of breathing air 
and fuel flow rate， the engine speed is consecutively changed from 1500 rpm to 6000 rpm 
usually under the motoring operation and after the temperature of ignition plug seat becomes 
steady at each engine speed， the amount of breathing air， the fuel flow rate， the negative 
pressure at carburettor throat etc. are measured. 
Similar experiments are repeated with the setting condition changed. The pulsating 
pressure at each part is further measured and recorded under a representative condition. 
Since it is difficult to measure accurately a minute flow rate of fuel， the measured values 
easily fluctuate and such a slight variation is magnified if it is expressed through excess air 
Fig.7 generallayout of巴xperimentalapp司ratus(tr丘nsitionaloperation) 
l. Laminar-flow typ巴dair flow-meter， 2.M品nometer，3. Carbur巴tor
4. Capacity-typed pressure indicator， 5.Main fuel jet， 
6. Capacity.typed instantan巴ousflow-meter， 7.Vinyl pipe， 
8. Float chamber， 9.Displacement.meter for float， 
1O.M田 suringprobe of fu巴llevel，1l. Fuel flow-meter， 
12. Fuel tank， 13. Pressur巴indicator，14. Test engine， 
(149) 
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ratio， with a larger fuel jet than normal one the experiment is carried out within a range of 
rich mixture 
2.2.2 Transitional operation 
Fig.7 shows a generallayout of the experimental apparatus， which is mainly composed of 
a laminar-type instantaneous air flow meter(l)， a capacity-type pressure indicator(4)(5) and a 
capacity-type instantaneous flow meter(6) for examining the behavior of fuel flow， an in-
dicator(9) and a probe(10) for mesuring the displacements of the float and fuel level in the 
float chamber(8) and a test engine etc. 
3. Experimental Results and Considerations 
3.1 When carburettor aperture is large 
3.1.1 Tuning of residual pulsating wave and fuel flow rate 
When intake pipe length Ls is kept constant (Lsニ 88cm) and the carburettor with 
aperture C-8/8 (α/βi日asymbol Cα/βexpresses hereinafter aperture area ratio) is brought 
close to the engine side， the amount of breathing air Ga changes with the carburettor's 
position by 1 to 2 % only of delivery ratio K but the fuel flow ratio Gf is， as shown in Fig.8， 
remarkably decreased and it further is varied widely at a particular engine speed N.(6) Fig.9 
shows the experimental result of Fig.8 rearranged in terms of Gf/ A百 forthe purpose of 
making more vivid the influence of residual pulsating wave. Fig.9 also comprises the 
maximum valueムP*of positive pressure wave， determined from oscillogram of pulsating 
pressure at the carburettor throat as well as the cycle number of pulsating wave in the intake 
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its ups and downs appearing near qニ n+1/4(印n=ln此ltege臼r戸 sucha出s1，2，'….一→.う)and qニ n十3/4，
r印一万es叩pe氏ctivel片y. Generally， a pulsation coefficient q* is given by the following formula 
q*=15・a/N(Ls+ムl) …(1)
Where a : propagation velocity of pressure wave within the intake pipe [m/secJ 
N : engine speed [rpmJ 
Ls : intake pipe length [mJ 
ムl: corrected length of pipe end [mJ 
Whenqキニ n+ 1/4， the negative residual pulsating wave and the inlet opening 1.0. overlap 
so that the negative-pressure period of the intake process lengthens as shown in Fig.lO. 
When q*ニ n十 3/4，the negative-pressure period shortens on the contrary because the 
positive wave and 1.0. overlap目 Inthe former， for this reason， fuel outflow is promoted， while 
in the latter it is prevented. Since q * corresponds to the above-mentioned q， itcan be seen 
that undulation of the Gf/ IZH curve depends on the tuning of the residual pulsating wave 
If a carburettor is mounted at open end of the intake pipe， influence of such a residual 
pulsating wave is comparatively， slight， as can be seen on the Gf/ /Z百carve，Fig.9， for l/ 
l2=0/78 (Engine E-50， Lsニ88cm) as well as on an excess air ratio carve (E-120， Ls二 88cm)， 
Fig.ll， even in the case of a longer intake pipe. Since the wave's amplitude is decreased for 
shorter intake pipe， its influence is gradually lowered and not almost observed at Lsニ 16cm
lC 10 1 C 10 q'= 
ー 2拾 1∞
2 







Delivery ratio K.巴xcessalr ratlO A 
旦ndengine speed N (Engme E-120) 
Symbol M : motoring， F : firing 
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(see Fig.ll) 
For either motoring or firing operation (comparison between the marks'" and ・m
Fig.ll)， values of the excess air r丘tioare， even when the exhaust pipe length Le is lengthened 
and the delivery ratio K remarkably is changed， almost unchanged only if parameters Ls， lsC 
etc. of the intake pipe system are the same. 
3.1.2 Carburettor position and fuel flow rate 
In the experimental results shown in Figs.8， 9 and 12， even in a range of q > 3， the fuel 
flow附 Gfand the value of Gf/1L1百aremore decreased the more the carbu附 orap-
proaches the engine side. This tendency can be recognized within al the engine speed range 
and its amount is considerably large 
Now， draw a diagram representing a relationship between the fuel flow rate Gf and the 
carburettor position ls， lscorresponding to a length from open end of the intake pipe to fuel 
injection port of the carburettor， estimate the value of fuel flow rate GfO at a point corres 
ponding to Is=O and plot Gf/Gfo against ls/Ls， then Fig.13 can be obtained. Experimental 
result for various values of the intake pipe length Ls， the engine speed N， the carburettor 
aperture C， the fuel jet hole diameter dh etc. of an engine E-120 are also shown in Fig.l3， the 
fuel flow rate Gf in each case is more de， 
creased the more the carburettor approaches 
the engine side. Such a phenomenon cannot 
be understood on the basis of influence of the 
residual pulsating wave under tuning condi-
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so that it is suggested that it is necessary to treat the flow in iniection pipe as unsteady flow. 
In order to investigate the fuel flow rate characteristics in the case when pulsating pressure 
wave acts on the carburettor's fuel iniection port， the values of instantaneous fuel flow rate 
Gfi have been numerically calculated and experimentally examined on a simple carburettor， 
which only a main fuel injection pipe works. If the influence of fuel in the carburettor's float 
chamber， the compressibility of fuelliquid column in the main fuel iniection pipe etc. are now 
neglected， then the equation of motion for the fuelliquid column in the pipe is克lveηbythe 
following 
where 
(lf/g) X十(仲間/2g)I X I X十XニムpV/Yf …(2) 
lf : length of the main fuel iniection pipe [mJ 
g : gravitational constant [m/sec2J 
X : displacement of the fuelliquid column [mJ 
ムPv:pressure difference acting on the fuel outflow port and the fuel surface in the 
float chamber [Kg/m2J 
Yf : specific weight of fuel [Kg/m3J 
仲間:flow resistance coefficient for the whole fuel iniection pipe 
As for the last.mentioned drag coefficient， its value determined in steady.flow experi 
ment is to be used. While the pressure wave within the intake pipe of an actual engi日eIS 
that of damped oscillation repeated every revolution， for the simplicity of problem it is here 
assumed that the following pressure wave of undamped oscillation : 
ムPvニムp. sin ωt+ムPm ・(3)
acts continuously on thをfueloutflow port and based on Eq. (2) the instantaneous value Gfi= 
γf・Af・X，where Af is the cross.sectional ar回 ofthe main fuel iniection pipe(m2J， of fuel 
flow rate are numerically calculated by the Lunge.Kutter.Gill's method with an electronic 
computer F ACOM-231 i日theCalculation Center，孔1uroranInstetute of Technology to deter 
mine the average fuel flow rate Gm [g/secJ per cycle. 
On the other hand， Fig.14 shows a relationship between Gm/Gms and the amplitude of 
pulsating waveムpand the steady negative pressureムPmon the basis of the value of fuel flow 
rate Gms， calculated from the relation on 'steady flow， in the case， where only the steady 
日egatJvepressureムPmacts (ムp=O)
In the same figure， Gm/Gms is more decreased the largeムpis and the smallerムpmIS， Jt 
being approximately equal to 0.42， for instance， whenムP/Yf二 2mandムPm/ル=0.6m. This 
is caused by such facts that the drag coefficient仲間is a function of the Reynolds' number Re 
and that the fuel flow rate depends on the inertia of fuelliquid column in the injection pipe， 
a counterflow phenomenon due to the pulsating positive pressure wave etc.， the calculated 
+ value coinciding well with the measured one (shown with ・markin Fig.l4(A)，ムPm/ルキ0.6
m) in carburettor experiment. According to the numerical calculation， the fuel flow rate Gm 
is increased with increase in angular velocity ω(rad/secJof the pulsating pressure wave and 
approaches its value Gms in the case， where an average negative pressure acts， so that the 
influence ofムptend to be decreased. As for an actual engine， the angular velocity ωof 
(153) 
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pulsating wave in its intake pipe is given by 
ωニ 2πa/4・(Ls十ムl)if the intake pipe system 
being considered to be a pipe with one end ，0 
open and another closed， so that the intake (rf 
pipe length Ls mainly determinesωThe 0，5 
results of basic analysis on carburettor will be 
applied to an actual engine and it is possible to 
conclude that the longer the intake pipe length 
Ls is， the larger the amplitudeムPof pulsating 
wave is and the smaller the angular velocity ω 
and that the higher the e口ginespeed N is， the 
larger the carburettor aperture is and the more 
the carburettor approaches the engine side， 
the largerムpis. Since the longer the intake 
pipe length Ls is and the higher the engine 
speed N is， the more the steady negative 
pressureムPmis increased， on the other hand， 
Fig.14 Ratio of fuel flow rate Gm/Gms， Gf/Gfo 
and pulsating pressure wav巴
they have opposite effects to each other. 
As can be also observed in the experimental results， Fig.13， this results in a conclusion 
that the fuel flow rate ratio Gf/Gfo mainly depends on the carburettor aperture and its 
position. Further， Fig.14(B) shows Gf/Gfo， instead of Gm/Gms， determined from the results 
of engine experiment (Figs.8 and 13) and it is plotted with the maximum amplitudeムp(see 
Fig.7)， instead of the pressure amplitudeムp，of pressure wave obtained from oscillogram in 
order to make clear the influences of L'>p andムPm・ Fig.14(B)also comprizes， with dotted line， 
the calculated values of Gm/Gms， determined from Eqs.(2) and (3) with negative pressure 
ムPm/ルキ0.05m and the angular velocity of pulsating waveω=2πa/4(Ls十ムl) ~600 rad/sec， 
which are approximately average within the experimental range (N士 1500to 4200 rpm) of the 
tested engine E-50 (Ls=88 cm). 
Although the pressure wave in intake pipe is a damped pulsating one， which is repeated 
every revolution， the experimental values coinside considerably well with the calculated. 
Consequently， the decrease of fuel flow日teGf and Gf/ Ji，百 whenthe carburettor 
approaches the engine side is principally caused by the unsteady characteristics of the 
carburettor due to the increased amplitude of pulsating wave acting on the fuel injection port 
and this is also affected by the residual pulsating wave under superposed condition as 
described in the preceding section， so that it has such a remarkable influence as brings about 
imposible combustion at a particular engine speed. 
3.2 When carburettor aperture is small 
3.2.1 Engine speed and fuel flow rate 
1n the case of a large carburettor aperture (for example， ful opening C-8/8) as described 
in the preceding section， the value of Gf/jtJ{ approximately the same irrespective of engine 
speed， ifthe undulation of Gf/ぷ百curve'(seeFig.9) caused by the residual pulsating wave 
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under superposed condition are neglected. This is also observed from the curve of excess air 
ratio A (points marked with ・and0) in the experimental results (see Fig.15) on engine 
E-120. When the carburettor aperture is smaller， C.2/8 to C-3/8， as during low-load or 
engine-brake operation， on the contrary， the higher the engine speed N is， the more both the 
breathing air amount Ga and fuel flow rate Gf are increased but since the latter's increase is 中、レ
more remarkable， the excess air ratio λis， as shown with the points 0， c)and .， Fig.15， 
gradually decreased. Fig.l6 also comprizes oscillograms a， b， c， ・ of pressure wave at the 
carburettor throat under the conditions (l" l2， 
C， N etc.) corresponding to arrows a， b，ら・・，
respectively， on the A curve. When the car-
burettor apeature is small， the pressure wave 
in the intake pipe is damped and the wave 
acting on the fuel iniection port is approxi 
mately so-called half-wave rectification type 
negative one such as shown in oscillogram豆，
which is produced every revolution during the 
inlet period. In order to make clear the fun 
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Fig.17 Instantaneous fuel flow rat巴Gf;
and pressure wav巴ムPv
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damental characteristics of fuel flow rate when such a pressure wave acts on the fuel injec-
tion port of a carburettor， let us assume that a pressure wave given by the following ex 
presslOn: 
ムPFApmJLθ(4) 
as shown in Fig.15， acts on the effective inlet period e *rad.， where e iscrank angle rad .
Fig.17 shows the instantaneous fuel flow rate Gfi， with solid line， calculated from Eqs.(2) and 
(4) and those determined from a relation of steady flow with dotted line， the average fuel flow 
rate G間 andG附 beingalso indicated. Although the author could not succeed in produce 
experimentally such a pressure wave as satisfies Eq. (4)， the measured values of instan-
taneous fuel flow rate when the approximate pressure wave acts are also drawn with thick 
solid line. 1n Fig.17， the response of the instantaneous fuel flow rate Gfi toward the negative 
pressure wave are bad because of the inertia of fuelliquid column within the injection pipe 
and in particular for decelerating flow 
For this reason， the average fuel flow rate Gm is higher than that Gms determined from 
the relation of steady flow. 
Since the increase in engine speed N shortens in addition the required time of one 
revolution， fuel outflow does not perfectly interrupted before the intake process of the fol-
lowing cycle begines. Consequently， itcan be concluded that the average flow rate Gm is 
increased in proportion to the engine speed N. This fact can be also confirmed its good 
qualitative coincidence with the measured values in carburettor experimeロt. 1n the next 
place， the average fuel flow rate Gm is calculated while the engine speed N rpm inθ=(2πN/ 
60)・t，Eq.(4)， being changed to determine Gm/Gmo on the basis of a value Gmo at N = 1600 
rpm. 1n order to compare with the result of engine experiment shown in Fig.15， further， the 
excess air ratio A at a given engine speed is determined fromλニ λ。(Gmo/Gm)，where λo is the 
value of excess air ratio under the conditions of Nニ 1600rpm， carburettor position l，/l2=2.5/ 
28 and its aperture C-3/8， and the thus obtained values of A are shown with dotted line in 
Fig.15. They coincide well qualitatively with the experimental values and it can be seen 
that the fundamental characteristics of carburettor affect the fuel flow rate. Since the 
pressure wave of the test engine is not of such a perfect half-wave rectification type negative 
one as that shown in Oscillogram ;t and its amplitude is increased to some degree as can be 
see口inOscillograms b and <: when the engine speed becomes higher， itseems necessary to 
take into consideration these influences in detail 
3.2.2 Length of fuel injection pipe a8d fuel flow rate 
1n an actual engine， the float chamber is sometimes separated from the carburettor's 
frame and connected to the latter with pipe to prevent choppy oil surface in the chamber due 
to mechanical vibration. If it is possible to consider such a connecting pipe to be rigid， then 
it corresponds to the lengthening of pipe length lf in the Eq.(2). The larger the fuel injection 
pipe length lf is， the more the response of instantaneous fuel flow rate Gfi when a half-wave 
rectification type日egativepressure given by Eq.(4) acts on the fuel injection port is deteri 
orated， its value in a孔 acceleratingflow region is decreased and its value in a decelerating 
flow region increased. For this reason， the average fuel flow rate Gm is increased. If Gm/ 
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Gmo is calculated from Eqs.(2) and (4) on the basis of its value Gmo for the fuel injection pipe 
length lfニ 0.03m， Gm/G削 isincreased， as shown in Fig.16， inproportion to lf and thus Gm/ 
Gmo=1.43 at lf=l m. Experimental values Gf/Gfo obtained in engine experiment are also 
indicated in Fig.18. The calculated and experimental results cannot be quantitatively coin 
pared with each other because in engine experiment the pressure wave in intake pipe is not 
of perfect halrwave rectification type and the carburettor frame and the float chamber are 
partially connected with vinyl hose， but the experimental values are increased in proportion to 
the pipe length lf with Gf/Gfo二子1.22，for example， at lf二 1m to coincide qualitatively with 
the calculated values. In this way， the fundamental characteristics of carburettor's fuel flow 
rate are also reflected in that of engine experiment. 
3.2.3 Position of carburettor and fuel flow rate 
While in the case of large carburettor aperture， for example， C-8/8 or C-6/8， the more the 
carburettor approaches the engine side， the more the fuel flow rate Gr isdecreased as shown 
in Fig.13， inthe case of small carburettor aperture， for example， C 2/8 or C-3/8， as that during 





























Fig.18 Ratio of fu巴1flow rate Gf/GfiJ and fuel pipe 
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Fluctuating pressure in car bur巴torthroat Fig.20 
556 Shigenobu Hayashi・NorihiroSawa 
As is shown in Fig.19 (engine E-120， Ls=42 cm)， itbecomes maximum near the center 
of intake pipe (ls/Ls=0.3 to 0.4) and tends on the contrary to be decreased as the carburettor 
approaches the open end of pipe. This position of maximum Gf approaches more the open 
end side the larger the carburettor aperture is and coincides with the open end itself at more 
than C-5/8 of aperture. In the case of small carburettor aperture there is thus no relation 
among the fuel flow rate Gf， the carburettor position ls and the average mean pressure ElH 
and it appears that this is based on remarkable variation， according as the carburettor posi-
tion， of pressure wave acting on the fuel injection port. As is shown in Fig.20， Oscillograms 
9:， b and c of pressure wave under the conditions (ls/Ls， N， C， etc.) corresponding to the arrows 
ヨ， _Q and ~ on theムHcurve， a pressure wave， similar to such a half-wave rectification type 
negative one as shown in Fig.a， acts during inlet period in the case of the carburettor lying at 
the open end of intake pipe (ls/Ls=0.19) but two large negative pressure wave are produced 
during inlet period 叫ん/Lsキ0.43(Fig.b) realized when the carburettor approaches the engine 
side. 
If it approaches further the engine side， a large residual pulsating wave can be observed， 
as shown in Fig.c (ls/Lsキ0.65)，even after inlet closure (I.C.). Such a wave appears because 
the damping effect of throttle on the pressure wave is more decreased the more the carbu 
rettor is situated near the node of vibration system in the air column and the experimental 
values 5.1 to 5.4 ms of period of the residual pulsating wave are approximately equal to a 
value T=4・(Ls+Ell)/aキ5.3ms， obtained on the assumptions of pressure propagation ve 
locityaニ 330m/sec and pipe end correctionムl=2cm (equal to the inner diameter of intake 
pipe dJ As can be seen from the pressure wave of Fig.c， where that of Fig.a is also 
reproduced with dotted line， itappears that the pressure wave during inlet period is a 
resultant of two components， that is， one (dotted line) produced by the negative pressure in 
crankcase and the innertia of breathing air another of a comparatively short period. Its 
period is considerably close to a value Tニ 4・(Ls+ムl)/a今3.6 ms， calculated wi th the 
distance ls from the open end of intake pipe. This may be caused by superposition of a 
pressure vibration， which has a closed end at the throat of carburettor. In Fig.b， however， 
the experimental value 3 ms is not so close to the calculated 0口e2.5 ms as in Fig.c. Although 
the pressure wave in intake pipe is thus not simple， itappears that such a result as shown in 
Fig.18 isbrought about because increase in negative pressure wave during intake process 
increases the fuel flow rate Gf and the residual pulsating wave prevents fuel outflow 
Since pressure in the intake pipe changes complicatedly according as the conditions 
concerned and affects also the fuel flow rate， so that it is impossible to forecast the rate under 
each operation unless the pressure's particulars are well understood. 
3.3 Resonator and fuel flow rate 
it is said that when the intake pipe of an engine is longer and the carburettor is nearer 
the engine side， addition of Helmholtz resonator to the inake pipe can contribute to the 
damping of pulsating wave and be thus effective to the improvement of excess air ratio. In 
this research on a two-cycle en釦ne，for example， Alfred Jante(7) has proposed a reso口ance
speed Nr=6D .νbased on tuni昭 ofthe natural frequency νof air column in a Helmholtz 
(158) 
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resonator with the inlet number N /60 into the engine and described that a resonator of 
natural frequencyνcan improve the excess air ratio curve within a range of engine speed， 
higher than N r 
If a Helmholtz resonator is used to make flat the excess air ratio curve 1日 arange of 
higher-speed than the minimum engine speed assumed to be Nニ 1500rpm， let us take the 
resonator's dimension d=2 cm and lニ5cm and pressure propagation velocity aニ330/sec，
then from N r=60・νandv=(a . d/4π). ;;;苛古河可thevolume can be approximately 
calculated to be V二 2.07x104c. Although the author used two resonator， V=2.1x104 and 
1.3 X 103 cc. and confirmed its effect， such a resonator with large volume violently vibrates so 
that its practical application is difficult. For this reason， the author prepared another reso 
nator 52.9 y)X 54 mm of a volume， equal to that of engine's stroke volume V hニ 118.9cc 
and investigated the effects of the resonator 
mounted on an engine and of an elastic (rub-
ber) diaphragm covering the resonator's closed 
end. The experimental results are shown in 
Figs.21 and 22， where in the case of the engine 
E-120， Ls=62 cm， ll/l2=22.5/28 cm， the pul 
sating pressure wave becomes larger and the 
Fig.22 Behavior of various factors in transient 
operation 
A. F. : airflow rate， F.F. : fu巳1flow rate 
。‘L.: fuel level in float ch且mber，F. L. : float 















mixture does weaker (λ二1.5)，as is shown in Oscillogram 1， near N =4000 rpm (qキ1・3/4)but
if the resonator is mounted at A， immediately before the carburettor， the pulsating pressure 
wave is， as shown i口Oscillogram2， remarkably damped and the influence of residual pul-
sating wave on the fuel flow rate is also reduced so that it is possible to prevent， tωo s叩ome
deg伊r勾ee，the m刊11はxtu山1江rぜsweaki王ong(以λ壬キ子1.2幻). The value of engine speed， corresponding to a pe品t
of the excess air ratio is shifted near Nニ3500rpm， because the equivalent length of the whole 
intake pipe system is lengthened and the period of pressure wave increased(7). 
Suitable throttling of the inlet of resonator (marked with symbol D) and attaching of 
elastic diaphragm (marked with symbol F) can reduce further variation of the excess air ratio 
curve to attain approximately the required object. On the contrary， attentio口shouldbe paid 
to a fact that in an engine utilizing a breathing-air inertia effect to increase the maximum 
delivery ratio， resonator also reduces the inertia effect(8) 
3目4Transitional operation and fuel flow rate 
when the engine speed is kept constant and the throttle valve of a carburettor is rapidly 
opened or is rapirly closed， the instantaneous air flow rate， the instantaneous fuel flow rate， 
the variation of fuellevel in the float chamber， the movement of float and the pressure wave 
before inlet port are simultaneously measured. A typical oscillogram of them is shown in 
Fig.23. 1n this figure， when the pressure wave before inlet port has changed as a result of 
opening of the throttle valve， the breathing air and the fuel begin to flow in after a while， and 
then the fuellevel in the float chamber and the float do to be lowered. At this time， the float 
follows the fuellevel with a retard of about 0.3 sec. and about 3 sec. is necessary to reach a 
stationary condition. 
Since this period is， consequently， accompanied the lowering of the fuellevel， the outflow 
of fuel must be affected. If the fuel flow rate is calculated from Eq.(2) while the influences 
of fuel level and the characteristics of the drag coefficient in the carburettor throat and the 
fuel injection pipe being taken into consideration， the fuel flow rate (Gf g/s) reaches， as can 









。 10 0.5 tsec 15 
(160) 
Fig.23 Fue! flow rate during carburettor opening Fig.24 Characteristics of carburettor (F. L.， O.L.) 
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be seen from Fig.24， a maximum value at about 0.25 sec. from the beginning of fuel outflow 
and a minimum value at about 0.8 sec.. This value (0.8 sec) coincides well with the time (0.8 
to 1.0) marked with an arrow mark in Fig.23， so that this correspond to a characteristic of a 
tested carburettor. And then the variation of fuel flow rate， which occurs after the arrow 
Fig.25 B巴haviorof float (F.L.) and fuel level (0. L.) 











Fig .27 Response retard of float (F. L.) 
and fuellevel (0. L.) 
mark， coincides with the natural frequency 
period of a liquid column in the fuel injection 
pipe of the carburettor. If the float chamber 
is directly connected to the carburettor frame， 
the mechanical vibration from the engine body 
becomes more violent with the increase of 
engine speed. For this reason， the fuel level 
in the float chamber ascends and fluctuates 
violently as shown in Fig.25. Consequently， 
the cycle-by.cycle variations of the fuel flow 
Fig.26 Behavior of fu巴1flow (F. F.)， float (F. L.) 
and fuel level (0. L.) during accelerating operation 
( 161) 
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rate and the irregular fluctuation at an interval of about 0.1 to 0.2 sec. become remarkable 
Even if the throttle valve of carburettor is opened and is closed in such a condition， the fuel 
level and the float do not almost change as shown in Fig.26. By making the electric power 
supply on， the rapid accelerating driving is carried out while the opening of carburettor being 
kept constant and the dynamometer for driving the engine being set at a position of constant 
rotation. Moreover， some time after that， the rapid decelerating driving is carried out by 
making the electric power supply off. An example of the experim巴ntis shown in Fig.27. 
In the case of Fig.27 (a)， the response retard of fuellevel and float are r百 narkableand then the 
float is later than the fuel level， the difference between them being about 0.8 to 1.0 sec. as 
shown in Fig.27. Owing to these influences， the fuel flow rate is temporarily decreased at 
the period of accelerating operation as shown with an arrow mark in Fig.27. The same 
phenomenon can be observed also at the period of decelerating operation. If， on the contrary， 
the rapid acceleration is carried out under a condition of the float chamber directly connected 
to the carburettor frame， the float descends rapidly and vibrates violently while the fuellevel 
beginning to swell and eventually ascending as shown in Figs.(b) and (c). In this case， the 
back flow of fuel becames remarkable. If the decelerating driving is then carried out， the 
float vibrates violently and the fuellevel is rapidly increased so that the abnormal outflow of 
fuel can be observed. Such an abnormal state depends on the fixing state of the carburettor 
and the dimension of the intake pipe system， and that is unstable phenomenon. Since there 
remain many unknown matters， the authors with to continue systematically the experiment 
in the future 
4. Conclusion 
The author experimentally investigated the influences of carburettor position， apeature， 
fuel injection pipe length， intake pipe length and engine speed on the fuel flow rate of a 8mall 
sized two-cycle engine and carried out numerical calculation on a simplified model of carbu-
rettor. The results obtained can be summarized as follows : 
(1) A larger amplitude of pulsating wave affects the next intake process and if the pulsation 
coefficient is q = 15・a/N(Ls+.dl) =n十1/4a negative pulsating wave is superposed on 
inlet port open-period (1.0.) so that the fuel flow rate is increased， while if q =n十3/4a 
positive wave superposed on 1.0. so that the flow rate is decreased. This fluctuation of 
fuel flbw rate due to the tuned pulsating wave is not so remarkable as bring about any 
impossible combustion. 
(2) When a carburettor is mounted to a fixed length of intake pipe， the amplitude of 
pulsating wave acting the carburettor's throat becames larger the more the carburettor 
approaches the engine side and in proportion to it the fuel flow rate is decreased. This 
coincides with the result of numerical calculation 0ロtheunsteady characteristics of fuel 
flow rate in a model carburettor 
(3) when carburettor aperture is small and pressure wave acting the carburettor throat is a 
so-called half-wave rectification type negati.ve one， which is repeated every revolution， the 
response of instantaneous fuel flow rate with regard to the negative pressure wave is more 
(162) 
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deteriorated due to the inertia of fuel liquid column the higher engine speed is and the 
longer the fuel injection pipe is 
for this reason， the average fuel flow rate per revolution is increased and the excess air 
ratio is decreased 
(4) In the case of a small carburettor aperture， pressure wave acting the carburettor throat 
remarkably changes if the carburettor is made to approach the engine side so that the fuel 
flow rate is not so always gradually decreased as in the case of a large carburettor aperture 
and it attains the maximum on the way 
(5) If fuel flow rate or excess air ratio remarkably fluctuates with engine speed， itis possible 
to reduce considerably such a fluctuation of the ratio with a small Helmholtz resonator， 
which has a suitably throttled inlet and a body made of elastic membrane 
(6) When the throttle valve of a carburettor is rapidly closed， the fuel flow rate is remarkably 
decreased and is violently fluctuated before reaches a given value in the stationary opera-
tion. This fluctuation period is approximately equal to the natural vibration period of liquid 
column composed of the fuel injection pipe and the float chamber. 
(7) Such a variation of fuel flow rate can be observed in the case of accelerating operation 
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The Suction Air Cooling Surpercharged Diesel Engine with 
Vapor Compression Refrigerator 
Chuji Mizuno， Yutaka Yoshida， 
Kiyoshi Enoki and Masayoshi Kobiyama 
Abstract 
To improve th巴performanceof a sup巴rchargedDies巴l巴ngine，the suction air cooling supercharged Diesel 
巴nginecycle with vapor compression refrigerator is investigated， where refrig巴ratordriveri directly with a part 
of engine output c∞ls the suction air to reduce the requir巴dpow巴rof the supercharger 
The thermodynamic analysis about this combination cycle clears that the specific power increases 


























Ls: (正味)比出力 PS/kg/s 







Ga-c: サイクルあたりの空気流量 kg/cycle 
Gr:冷媒流量 kg/s 
ε:成績係数
。:吸気温度降下率ニTI/T 0 (0 < eく 1) 
恥:過給度(過給機の圧力比) 二Pb/P 。
ゆr0 タービンの圧力比 = P r/P 。
α:圧力上昇比二PZ/P c 
β:締切比 = VD/Vc 
臼:圧縮比三VB/Vc
P:圧力 kg/cm2 




Vh :シリンダ行程容積 m3 二VB-VC
なお，圧力，温度，容積に対する添字は図 2，3のサイクル線図の各位置に対応しており，











過給サイクルの P~V線図を，図 3 には
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TrIニ (Pγ/PE)(肘 1)/KrTE 
Tro=(l/φfγ 1)/ Kr ) TrI 
冷媒の蒸発温度TE'は，吸気冷却器の温度効率を用い次式として求められる。
T/二 To{1-(1-8)/ηR} (13) 
(168) 
(1) 
( 2 ) 
( 3 ) 
( 4 ) 
(5 ) 
( 6 ) 
(7) 
(8 ) 









φbこいmzzL-(1-1/い 1)!IC，) /Cr包ιZL+1)κb!(向 1)
















ηCR= (h4ad' -h3， )/( h4，← h3， ) (20) 
GR(h3，-h1，)=Ga(ho-h1) (21) 
ε二 (h3，- h1， )/( h4ad， -h3') (22) 
したがって，単位空気流量あたり必要な冷媒圧縮機仕事WCRは次式となる。
WCR= GR( h4， -h3' )/(AGαηm)= Cp To(l← 8)/(AεηCRηm) (23) 
以上の諸式から正味仕事的は次式，理論平均有効圧力Pmthは式 (25) となる。





(1-εE(KC-1) )十(φbPO-Pr)九}/Ga-c-Cp To(1-8) 




(27) 二 ALsηB/[Cvφb(h1)ih ToEE(κe-l) { (α1)十κeα(β-1)}J 
したがって， r吸気冷却を施すことによる正味比出力の利得ムLsならびに熱効率の利得ム ηは
つぎ、のように求められる。
(28) ムLsニ Ls-Ls(O=I) 






























Cρ kcal/kff K=0.240l (冷却器内)
Cv kcal/kff K二 0.2255 (燃焼過程)
Kbニ1.40 (過給機内)
応cニ1.33 (圧縮過程)
Ke = 1.31 (燃焼膨長過程)
応γ=1.36 (タ ピン内)
N rρm =2000 
Vc m3二 6.43XlO-4
Vh m3 =9.0X lO •. 3 
To 0 K =288 
TD 0 K =2273 
T 1 0 K = 208 -288 
P 0 kg / cm ' = 1.033 
PD kg/cm2=60-100 























































36 PD"'80 kg/cm2 
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Human Engineering Study on the Automobile (II) 
-On characteristics of driving when drivers are drunk 
and when they are not drunk-
Masachika Naito， Kouhei Hamada， Mitsuru Tsunoda， 
Yuichi Sakamoto and Noriaki Ina只awa
Abstract 
In the first report， in order to examine characteristics of driving when drivers were drunk and when they 
were not drunk， the simulator of the呂utomobilewas us巴d，In this report drivers used automobile on the test 
road. The flicker test， lamp test， slalom test and running test were c呂rriedout. The responsive function， the 
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図1 実験コース回路図 図2 ブレーキテスト回路図
( 176) 
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8 )通過判断
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表1.









正常時 。。。。。。。。。。l 。l l 。。2 。2 
作へ
位油時 l 。。。。。。。l 。。。2 3 2 。l 。。。5 にの
iスコース(回回数) 
正常時 3 l 。2 。。 l l 。l 。。2 l 。l 2 l 3 。
拡酒時 。。4 l l 2 I l 2 。。3 3 。2 3 l 2 5 I 
(分・秒) 正常時 10.12 10.28 9.0 8.21 8.40 10∞ 10.17 10.10 10.17 12∞ 10叫 10.06 10.15 14∞ 9日 9ω 10∞ 9.15 8.28 10.23 10.2唱
実験コース
所用時間 散酒時 7.45 7.06 8.21 8.05 7.0C 8.16 9.15 10.18 7.4C 9.45 自却 9.34 9.45 9∞ 9日 9.15 10.25 8.16 8.41 9.13 15.27 
(本) 正常時 。。 2 。。l 。1 。l 。l 。。4 l 。3 l 。
ス ポル 飲酒時7 接触 l 4 4 2 2 3 4 l 5 1 
。。2 2 2 6 9 
ロ (本) 正常時 。。l 。。。l 。l 。2 。l 2 。。。。2 。5 
ム ポール 飲酒時
ア 衝~
。4 。4 l 5 。2 。1 2 。9 l 2 。3 5 5 6 
ス
通(分過・時秒間) 
正常時 1.58 1.23 2凶 1.13 lお 1.41 2.2 1.52 1.47 2.3 1.56 1.46 1.31 2.01 ]叩 lお 2.3 2.07 1.46 2.28 2.18 
飲酒時 l出 1.21 2.12 1.14 1.01 l甜 2.02 1.38 1.24 1.24 1.31 1.45 1.28 1.43 2.06 1.34 2.29 1.52 2.04 1.54 2.51 
表2. ポール通過記録






正常時 t a t S t t t t t t t S 
飲酒時 t t t t t t t t a t a t S 
正常時 r t t t T T a T T a t t t 
飲 il'i時 t t t t a S t t a A a S 5 
正常時 T A T a T T T T r T T A T 
飲:由時 T A I t T T T T T a T A F T 
T:ポール開通過 t 通過せず A:一旦停止後通過
a : Aで通過せず S:Tのときポ ルに衝突
t t t a t 
a t a a t t 
t t A A t 
A A a T t 
a T T 1 T a 













































3. 9 スラロームテスト 6 
実験結果を表 lに示す O これらのうち飲酒量 4 
とスラロームミス点の関係を図 10に示す。これ 2 
らより正常時， ミス点 Oの者は 9名 4点未満
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Some Advancements in the 
Structural Theory of Integrals 
Y oshi 0 Ki nokuni ya * 
Abstract 
To establish an epistemo-geometrical int巴rpretationof the integration process to be bas巴don the丘pnon
measure， we meet some dificulties. Especially， an important clasical theorem does not hold in this theory of 
integrals_ However， through some renovations， relations are found i口refreshedfashions 
o. Introduction 
When we look into a euclidean space (of finite dimension) E， itis found requisite that 
the arrangement of its points is forced to have its geometrical form to conform to the 
coordinate system thereto given. So， we may specifically associate the points themselves of 
E with their forms. Moreover， sizes of the points are accordingly considered to be associated 
with them. For instance， ifwe adopt the polar coordinate system， the size of a point must 
accordingly be considered to be the larger as its distance from the ori只inincreases. We 
denote by [ρ] the spatial occupation of a pointρin E associated with its gemetrical form 
and size such as abstracted in the above and posit such that 
μP-綴[ρ]， (0.1) 
in being the a priori measure. Then，μρwill be taken as an abstract measure of a pointρ. 
Using μρ， for a set A in E we may have the integral expression of勿A in the form 
制二JFEF 二 ~EAdP (0.2) 
However， there is an important criticism on this construction. For instance， ifA is a closed 
circular disk， for a boundary pointρof A， itmay be considered natural that 
仰]円Aこが[ρ] (0.3) 
So then， inthe integration of (0.2)， tosuch aρ4μρwill rather be taken to be assigned instead 
ofμρHowever， to avoid such a complexity， we will find it better if we apply instead of (0.2) 
the expression 
必A=ν(A)・μ (0.4) 
on condition that al the points of E are assumed to be of the same size measured asμ. In this 
relation ν(A) is called the inversion number of A in respect toμ. 
If U (ρ) is a neighborhood ofρ， incase of a circular disk A， we may， with regard to the 
*紀図谷芳雄
(183) 
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formula (0.3)， have 
ν( U(ρ)nA) 
fnU(ρ)nA二げア/川、 fnU(ρ). 
Thus， ifthe diameter of U (ρ) tends to zero， the right hand tends to 
jlMU(ρ) ， 
which will give a duplicate version of (0.3). Incidentally， ifwe take μρin the relation (0.2) as 
a primitive summand simply corresponding to the spatial position ofρwhich is not directly 
connected with any limiting process as lim 仇U(ρ)，then the preference of ーよμp may not 
necessarily be claimed， becaus巴therelation (0.2) then， instead of the construction 
主包]nA_上
級[ρ] -2， 
simply suggest that the density of the points of A at the pointρis equal to -1. However， if
we particularly insist on this version， the definition (0.1) is thereby to meet a contradiction. 
So， we shall henceforth renounce the expressioロ(0.3).We may thus eventually regard the 
formulas (0.2) and (0.4) are telling the same meaning in caseμρニ μforevery point in E 
A similar thing to the above.stated correlation is observed on the limiting process of a 
function f (x) of a real variable x. By G. Cantor was adopted the conventional version that 
1 =0.999・
This is considered as based on the admission that 
1二 1-O. (0.5) 
However， the mere formula (0.5) apparently meets a contradiction when we have 
f (1)宇 f(l-O) (0.6) 
I口 thiscontext， we may regard (0.5) is， as it were， a static expression about the point 1 
whereas (0.6) is a sort of kinetic relation between the values of f (x). So， also in the above. 
stated case， we may regard [ρ] is the static notion of the point.occupation whereas 
1imU(p) 
is the kinetic notion of the practicallimit 
The integral 
ル(ρ)dp
is primarily defined as the limit of the summation 
事手術{ρε AI与1<1体 2~ } 
for n→∞， and thus we have the relation 
LI(ρ)ゆ=E(j，A)削，
(0.7) 
E(f，A) being the mathematical expectation of the values of f over a set A. (0.7) may be 
referred as an integral by the Lebesgue process . But， since fn is a generalized extension of the 
(184) 
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2. Stieltjes Construction 
Since we may write 
iEAバ尚二iE/(ρ)μρ=んf(ρ)仰]，
we denote this integral by m (f，A)， and since 
H(A)ニム仰)
regarding H as a measure to be applied instead of m， we may possibly have an inte将司lof
Stieltjes type 
H(f，A)二 iE/(P)H([ρ])
In effect， we can define this integral by the following Lebesgue-Stieltjes process 
H(f，A)=lim~ι H(A(n， k)) (2.1) 
n k L， 
with 
A(n，k)二 {ρεA出l<f(μ 手)
We decompose h in the form 
h (ρ)ニ h(+)(ρ)-h(_) (p)， 
where h(十)and h(_) are defined such that 
h(+) (p)= h(ρ) and h(_) (ρ)二 owhen h (ρ) p 0 
and h(+) (ρ)ニoand h(_) (ρ)=-h (ρ) when h (ρ)< O. 
Then H (f，A) may conespondingly be decomposed as 
H (f，A)二 H(+)び，A)-Hc-)(f，A). 
Since (in the bounded case) both of the limitations 
凶去出+l(A(n，k) and 凶去H(-)(A(n，k)
(2.2) 
are easily ascertained to be convergent， the relation (2.1) is found adoptable as a definition， 
provided that h and f are both bounded in A. 
Now， having regard to the composition (2.2)， let us assume that h (p) > 0 everywhere in 
A. Then， for each A (n， k) we ha ve 
H(A(n，k) )>0， 
hence k -1 TrI A ¥ _ k 三n"'-H(A(n，klk会H(A(n，k)
Then， by the definition of A(r川)0we have 
and 
k -1 TT I A r k -1 ， I . ¥.. r 一万n"'-H(A(い))=I 一万n"-h(ρ)ゆ~ I f(ρ) h(ρ)d，ρ 
中 01A(n， k) ム 01A(n，k) 
Ln.kl f(ρ) h(ρ)イ剖手h(ρ)dp二万五H(A(n，k)，一(n，I<J ・A(n，k)ー ]
so that， interpolating these relations in (2.3)， we have 
k-1TT{A ¥_r -zrH(A(Fz， h))《l)/(ρ)ゆ~ 2"n H(A(n，k0. 
(185) 
(2.3) 
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Thus， from the definition (2.1)， we conclude the following theorem. 
Theorem D. Jf mAヰ∞ andilone.valuedルηctions1 and h are both bounded in A， then 
we hαve 
H(f ，A) = F( h，A)二 II(p)J;州 dp
By the way， ifA is a subset of an open set G and at almost every point of A has the 
determi n.ate densi ty h (ρ) and if 1 (ρ) is bounded in G， itis notable that we may then have 
the relation 
m(f，A)二 H(f，G)
on extension of h (ρ) such that h (p )=0 whenρEt A. In addition， this case can be regarded 
as the one .where it is almost everywhere in G observed that h *(ρ) = h(ρ) 
3. Relative Expectance 
We define EH (f，A) as 
EH(f，A)ニ H (f，A)/H (A) 
0日conditionH (A) *'0， and refer to it as the expectatωn of 1 in A with respect to H or the 
H-expectatioηof 1 in A. If the value !J(ρ) defined as 
fJ(ρ)=lim EH(f，U (戸)) 
where the neighborhood U (ρ) of P islet to tend to the singleton 1ρf ， does not vary wi th the 
choice of the tending behavior of U (ρ) except for the condition that the diameter of U (ρ) 
tends to zero， then we say 1 isstrongly expectant in resρect 01 H and refer to 1/ as the relative 
expectance of 1 to H or the H-expectance of f. 
When 1 and h are functions bounded in an open set G， if1 isstrongly expectant in 
respect of H almost everywhere in G and yet if h is strongly expectant almost everywhere 
in G， then we may， at almost every point p of G， have 
u¥) ，LJ ¥J.Iノノ H(U(ρ)) 
lIIIIH三;J7??ノ lim""~T~~ ~:I ~~~・術 U(ρ)=fZ(ρ)h*(ρ) 
Therefore， the function 1. h is found to be strongly expectant almost everywhere in G， 
because， by Theorem D， H (f， U (p) )ニ例 (f.h，U (ρ) ). This being so， by virtue of the 
relation (l.1)， we then have the relation 
H(f，G)=(c) I ffl(ρ) h*(ρ)dρ 
~ "1 
G1 being the largest subdomain of G where 1 (ρ) h (ρ) is found to be strongly expectant. 
If we take Up aロapplication(or a general additive function of a set) y instead of an 
integral H (A) =勿 (h，A)in (2.1)， we may define a general integral by the Lebesgue process 
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Lebesgue measure m， the integral (0.7) is sometimes found to meet unexpected critical 
conditions which have never been met in case of m. 
1. Strong Expectance 
When the integral is produced by the Lebesgue process in respect of the a priori measure 
fn， the following well.known theorem 1) does not generally hold 
1 CT is the indelinite inteRγαl 01a bouγzded measurable lunctionゃ，theγz cþ~ (χ)=ゃい)αi
almost eveγヲむointx，ωhen CÞ~ meaγzs the st:γoγzg d.芭γzv，αtiv♂ 01CT. 
In this therem‘measurable' means‘Lebesgue measurable' whereas we intend to mean 
'fn measurable'. Inconsistency of this theorem can be shown by the following counter. 
example : IfA is a subset of an interva11 and has everywhere in 1 constant density A (ヰ0，
and < 1) and if ({! (χ) is the characteristic function of A (that is，ニ1for xεA and=O 
otherwise)， then denoting by んtheset jyE 1 y <xl we have 
φ(x)=c+Ld州三C十人払
(c being an arbitrary constant) so that 
φ~(X )ニ入ヰqJ(X) for every point x of 1. 
Whenlゆ1)is a one.valued real.valued function of a variable pointρin a finite dimen. 
sional euclidean space E， by the capital letter of 1 we indicate the integral which is a set 
function such that 
F(A)=LJ同
A being an arbitrary subset of the domain of f. Then the derivation of F is closely related 
to the expectation of 1， because 
If the value of 
F(U(ρ))=E(f， U(ρ))・inU(ρ). 
F(U(ρ)) 
二 limE(f，U(ρ)) m 綴 U(ρ)
is uniquely determined whenever the diameter of the neighborhood Uゆ)of the pointρtends 
to zero， then 1 issaid to be strongかexρectantat the pointρand is indicated such that 
j*(ρ) = limE(f' U (ρ) ).
As it is， this 1* (ρ) may be regarded as the strong derivative of F (A)， though we emphasize 
its relation to 1 (ρ) itself and refer to 1* as the (stroηg) expectance of 1 at the point ρ 
Now let us assume 1 (ρ) is strongly expectant almost everywhere in a bounded open set 
G in E. For the sake of simplicity， we take E as of two dimensions and provided with 
rectangular coordinates. We draw x.lines yニ k/2n，y.lines x= k/2n (k=O，士三...; n=O， 1， 
φ(1) * lim 2扇子 ifexists， [ being intervals wh凶 contarn戸andtend to p 
(187) 
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2，・・) and denote by Go the remained part of G after the removal of al these x-and y-lines 
from G. Then it is easily seen that mGo=mG 
Since f isstrongly expectant everywhere tn G and therefore in Go， for almost every 
point ρof Go and for any given positive real number c there must be found an open square 
cel Q (ρ) which satisfies the following conditions : 
(i) Q (ρ) is enclosed by four lines out of the above-stated x-and y-lines for the 
saロlen 
(ii)ρε Q(p)<;， C; 
(ii) I F(Q(ρ))-f本(ρ)・必Q(p)1< [ . iiiQ(ρ) . 
If G1 is the remained part of Go after the removal of al points at which f isnot strongly 
expectant， then evidently mG1ニ勿Goニ mGand the family of the cels Q (ρ) (ρεG， and ηニ
1，2，… if possible， i. e.， on restriction that at least one Q (ρ) exists for n) obviously gi ves an 
open covering of G. Thus， by virtue of the Lindelof theorem2J， there must be an enumerable 
covering (Q (九)) (kニ 1，2，…)of G1 
Now， about the cels Q (ρk) (k=l， 2，…)， it may be easily seen that if Q (ん)ヰ Q(九)we 
have 
Q(ぁ)n Q(ρk) =尻 V.Q(ρj)亘Q(ρk)'V. Q(ρk)亘Q(ρj). 
So we may eventually suppose that the sequence (Q(ρk) ) satisfy the condition that if kヰ j
then 
Q(ρj) n Q(ρk)-玉三




Then， letting c tend to zero， we have 
F(C)=lim~f*(ρk)綴 Q(ρk).
The right side of this relation may be regarded as a kind of integral. So we denote it by 
(c)ルネ(ρ)ゆ
and refer to it as an integral by the coveringρrocess. Then we have 
F(C)=(c)!c/*(ρ)dp (1.1) 
However， on the above-stated discourse， itshould be noted that the integral by the 
covering process on the right side of (1.1) cannot always be constituted if the domain of 
integration G is not given as an open set 
( 188) 
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In this case too， the set A will be decomposed into two parts， A(+) where yp > 0 and A(_) 
where yp < O. But the most important point is that we may possibly have 
yA宇 O
even when綴 Aニ O.Thus the value of y (f，A) may possibly not vanish even when mA=O. 
The relative expectance f/ of a function f to the application y will analogously be 
defined by the formula 
γ(f，U(ρ)) 
f:(ρ)=limγU(ρ) 
It should， among other things， be noted that， even when f has at almost every point of an open 
set G the y-expectance to vanish， we may possibly have 
γげ，G)ヰ O.
4. Incompetence of a General System of Neighborhoods 
In constructing an integration of any sort so far discoursed， a general system of neigh 
borhoods may not always be found adoptable， because it may possibly be incompetent to 
restrict our eyes toward the specific sightviewing around a single point. Particularly， we may， 
in a euclidean space E， have a system of neighborhoods which may not make E separable 
That is， ifN is a general system of neighborhoods， for some two pointsρand q there may 
possi bly exist two sequences (U k) and (Vk) (k= 1， 2，…) from N such that 
円Uk={p} and円Vk二 {q}， 
but， for every k = 1， 2， ・， we have 
ukn Vk手形.
In effect， on defining B (ρ，ρ) as 
B(ρ.ρ)={xllx-pl<ρ} 
indicating by I x-ρI the distance between the points x and ρ， ifwe construct a system of 
neighborhoods (U (ρ，ρ) ) (ρ> 0，ρε E) such that 
and 
U(ρyρ)二 B(ρ，ρ) for ρ:f=q 
U(q，ρ)=B(q，ρ)UB(ρ。+ρ，ρ)
where q and PO are different fixed points and ρ。+ρmeansthe point (X01十ρ，X02，…，Xon) 
when ρ。=(X01，X02'''''XOn)， then we have 
ど。U(ムρ)二 (ρJ
and ど。U(q，ρ)二 {q}
However， for any positive real numbersρand ρ" we identically have 
U(q，ρ)円U(ρo，p')宇弘
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A note on R. DeMarr's conjecture concerning the order 
isomorphism of an ordered linear space and its order dual 
Koji Honda 
Abstract 
R. DeMarr had a conjectur : ifaη ordered linear space X isorder isomorphic to iおorderdual X'， then X 
beαmes a real Hilbert s仰cewith an inner product which is com)加tiblewith the order. And， inhis paper， he 
proved the conjecture under an assumption. 1n this note， we prove the conjecture under a simple assumption 
which is問 uivalentto DeMarr's assumption 
The conjecture of R. DeMarr is the following 
If aρartially ordered linear space X is order isomorphic to its order dual X'， then it is 
ρossible to defzηe an znnerρroduct C・，・ Jon X x X in such a way that X becomes a real Hilbert 
space with this inner product. Furthermore， the innerρroduct can be defined so that it has the 
following properties : 
(a) 1 XεXandxと 0，then CX，・Jis aρositive linearルnctionalon X， 
(b) if fεX' andf ミ 0， then there exists xεXμith x 主 o such that Cx， ・〕ニ lイ
Let T be the order isomorphism of X and X'， namely T is a positive linear transforma 
tion of X onto X' and the inverse T-j of T exists. DeMarr showed in his paper that X is 
Dedekind complete， i.e.， for a down-directed set E of positive elements in X， inf E exists. 
Furthermore， he proved his conjecture under the assumption : 
(ゆ (x，乃)二O本) whenever xn y = 0 and仰 εX.
In this note， although we can not to be prove that the conjecture is true or not， we shall 
consider the another assumption to be equivalent to (D)， because we are thinking to give 
something to get a grip of whether the conjecture is true or no仁
Let X be a Dedekind complete vector lattice and X' be its order dual， i.e.， the totality of 
positive linear functionals on X， in this nQte 
A subset M of X is said to be a normal manifold， iffor each x E X， there exist two elements 
Xj and X2 such that 
(:!t) X=Xj十X2，XjεM and X2EMよ
where Mj_ニ 1y y isorthogonal to every element in M f and M上 iscalled the orthognal 
complement of M. 
When M is a normal manifold， the above decomposition (:!t) for each XεX is uniquely 
determined. Therefore， a normal manifold M defines a projection operator CMJ of X on' M 
by CMJ X=Xj. Specially， for an element ρin X， iflpfよよ is a normal manifold， then the 
projection operator C 1ρ!よ斗 Jis called the projector and denoted by CρJ . In the Dedekind 
complete vector lattice X， each elementρin X defines always a projectorCρJand it is known 
in C2J that CρJ has the property : CρJX=sup lnlρI n x} for each posi ti ve element X in X. 
本) Tym巴ansan element in X' corresponding to an elem巴nty inX and (x， Ty) means the valu巴ofTy at x. 
( 191) 
590 Koji Honda 
The detailed properties on projectio口 operatorand the projector are found in Nakano (2 ; 
IH~ ~6J 
The aim of this note is to prove the following theorem. 
Theorem. Let X be a Dedekind comPlete vector lattice and X' be its order dual. 11 there 
eXZsts an order isomorphism T Irom X onto X' such that 
(H) (x， Tx)ヰ olor every non-zero element x in X， 
then X becomes a r，ωl Hilbert space with an innerρroduct (・，・ Jon X x X having the above 
mentionedρroρerties (a) and (b) 
If it is proved that (H) implies (D)， our theorem comes to be true by DeMarr's result. 
However， we shall give another proof 
Let A be an index set. For a set {aλ}(λεA) in X， we make use of the notation aλ↑λεA 
if for aロyindicesλ，μモAthere exists an index νεAsuch that aλ壬avandaμ孟av，and if 
sup a，¥ =二aexists， then we write aλ↑Aεi¥ a. Similary， we make use of the notation aλ↓A E 1¥ 
and aλ↓A巴}¥a
Lemma 1. T isorder continuous， i.e.，ずの↓ Aεi¥a in X， then Taλ↓Aε i¥ Ta in X' 
Proof. This is evident from the fact that T is the order isomorphism of X onto X'. 
For xιX，we define x+=xUO， x-=(-x)UO and 1 x 1二 X十十x-so that x=x+ -x-
holds. Then， we can easily see that for each xεX， we have 1 Tx 1 = T 1 x 1 inX' 
Now， for each x in X， we denote by N (x) the totali ty of elements y in X for which (1 x 1 ' 
T 1 y 1 )ニohold We can see that N (x) is a normal manifold as follows. Obviously， N (x) 
posses the property that y E N (x) and 1 z 1豆 y 1 implies z E N (x). Namely， N (x) is a semi-
normal manifold in Nakano (2J . Furthermore， ifaλ εN(x)， a，¥ ↑ ，¥Ei¥ a and a 主 0， then by 
Lemma 1 we have sup {( 1 x 1 ， Taλ) ;入εAfニ(1 x 1， T，α) and consequently ( 1 x 1 ， Ta)二 O
so that we have aεN(x)ーTherefore，N (x) is a normal manifold by Nakano's theorem (2， 
Theorem 4.9J . 
Lemma 2. 1 X satislies the assumption (H)， then it lollows that N(a)ょ.N (b)上二 {O¥ 
whenever 0壬a，bεXand a什b=O.
Proof. Putting N (α)= UX';(a，l/l)二 0:and N (b ) = l!εX'; (b， 1 I1 )=01 ， we get 
向(α)ニ{Tx;xεN(σ)¥ and N(b)ニ {Tx;χεN(b)1bylTxl = Tlxl. Fora町 positivelinear 
funti onal h on X， we can make two posi ti ve linear functionals h1 = h (bJ and ん=h(α〕ニ
h({α}ムJ[{b}.LJ叫)Then， itfollows that (x，h1)十(x，h2)=((bJx十〔αJx十 (1-(bJ )x，h) lor 
every x in X， because a n b = 0 implies (αJ (bJ =0. And hence we have h二九十h2 in X' 
Furthermore， since (a，h1)二((bJa，h)二 oand (b，h2)ニ((αJ b，h)十( {a¥.L J ( {blム Jb，h)二
0， we haveh1εN(α) and h2εN(b). By this fact， for any positive element z in X， the positive 
linear functional hニ Tzis represented such that hニム十h2 where 0壬h1εN(α)，0壬んεN(b) 
and consequently we have z二 ZI十 Z2where 0壬2，二T-1h，εN(α)andlO豆 Z2=T-'h2εN(b). If 
a positive element 2 is belong to the intersection N (α)上.N (b ).L， then， z isorthogonal to both 
z， and 22 by the definition of the orthogonal complement so that z is orthogonal，to z and 
料)For a lin巴arfunctional I on X and a proj巴ctlOnop巴rator[M) . I[M) means a linear functional such that 
(x， I (M) )=( [M)x，ρfor every x in X 
(192) 
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hence we get z = O. Since N (α)j_ and N (b)ム aresemi-normal manifolds， the intersection 
N (α)j_ . N (b)よ isalso a semi-normal manifold. Therefore， for any x in N (α)ム.N (b)j_ the 
absolute I x I isalso belo時 toN (a)ム・ N(b)ムsothat by the above mentioned fact， we have 
x=O. This is complete the proof of the lemma. 
Lemma 3. 1 X satis.βes (H)， then lor every orthogonal elemenおx，y in X we have (x，η)二
O. 
Proof. Let x and y be positive elements and be mutually orthogonal. If (x， Ty)ヰ 0，then 
puttmg ylニ CN(x)Jy and Y2=CN (x)ム)y，y2 is belong to N (x)j_ and y2 > 0 by the definition 
of N (x). On the other hand， we have N (x)j_cN (y)上ムニN(y) from the result N(χ)ム・ N(y)ム士
10: in Lemma 2. Therefore， we have y2εN(x)上CN(y) which contradicts to (H)， because 0 ~ 
(y2， TY2)豆 (y，TY2) = 0 and 0 < y2・Thus，we get (x， Ty)ニofor positive orthogonal elements 
x，y in X. For any orthogonal elements広yin X， we obtain ( I xI ，T I y I )=0 so th丘tthe values 
(x+， Ty+)，(x，η一)， (x-， Ty+) and (x-， η) are al zero by the positivity of T. Consequently， we 
get the disired result (x， Ty) = 0 by the lineari ty of T 
In the following， we shall give a proof of the th七oremas aforesaid. 
We define a functional C . ，・ Jon XXX as 
Cx，yJ =( (x，Ty)十(y，Tx))/2 for x，yεX 
We can see first that the Schwarz's inequality 
(1) Cx，yJ2 ~五 CX， xJ Cy，yJ 
is satisfies. If X is 0江edimentional， then the equality holds in (1). Therefore， let X be at least 
two dimentional. It is enough to prove for linearly independent x， y in X. Since x十Ay"* 0 for 
every real λ， by (H)， we have (x+Ay， T(x十Ay))"* O. Now， by a simple caluculation， itfollows 
that (x十Ay，T(χ十λy))= Cx， XJ2十2ACx， yJ + Cy， yJ2 and it holds a definite sign for λ. 
Consequently. we have Cx， yJ2ー Cx，xJ CY， yJ< 0， because Cx， xJ and Cy， yJare both孔on-zero
by (日).Thus. the Schwarz's inequarity is proved. 
Let x be a non-zero element in X. Taking a posi ti ve element y in X such that x， y are 
linearly independent， the above ineqality Cx， yJ 2 < Cx， xJ Cy， yJ and 0 < Cy， yJ yield 0 < Cx， 
xJ . Namely， we have 
(2) Cx， xJ > 0 for every 0ヰ xεX.
The following properties (3) and (4) are evident from the definition of C・，・ J. 
(3) Cx， yJ Cy，.xJ for every x， yεX 
(4) C・，・ Jis a bilinear form on xxX. 
Therefore， C . ，・ Jdefinesan inner product on XXX and hence X becomes a preHilbert 
space 
By Lemma 3， itfollows that for any xεX， (x+， Tx-)二 (x-，Tx+)ニoso that (x， Tx)=(1 x I 
， T I x I ).Therefore， we have 
(5) Cχ，xJ = C I xI ， I x I J for each xεx 
and the norm Ilxlニ Cx，χJ)1 has the property 
(6) Ilxlニ 1Ixl 1 for each x X. 
By this fact， X becomes a normed lattice in the sense of Nakano C2J 目
Lemma 4. Each element 1 in the order dual X' is a norm bounded linear lunctional on X 
(193) 
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Proof. Let f be a positive linear functional. Putting u= T-l /， u is a positive element in 
X. Then， by (1)， we have 1 (x， f)1 ニ 1(x， Tu) 1孟(1 x 1， Tu)壬[1 x 1 ' uJ壬Ilxllul for every 
x in X. This shows tnat f is日ormbounded. For a口yf in X'， the norm boundedness of f is
evident， si日cef isalways represented as difference of two positive elements j+ and f-， i.e.， 
f二 j+ー/一 inX'. (Cf. see [3， p.27J ) 
Lemma 5. The space X is comρlete with respect to the norm induced by the innerρro-
duct [・， . J 
Proof. First， we shall show that the norm is continuous， i.e.， anξX(η=0，1，…) and an↓O 
implies lim 1 anlニO.Under the assumption， we have， by Lemma 1， inf l(al， Tan) nニl，
2，…1 =0 and 0豆 (an，Tan)壬 (al，Tan) for every n. Therefore， we have 1日mπmlいG向nl
def白I凹mtlOr口1of the no釘rm.Next， we shall show that the norm is monotone complete， i.e.， if0 三
an↑， anεXand sup llanl ; n二 0，1，.1<十∞， then there exists an element aεXsuch that 
an I a. For each positive element x in X， l(x， Tan) 1 is a non-decreasing and bounded， 
because 0孟(x，Tan)豆[x，anJ豆(lIxllllanl)1!2<十∞ by(1). Therefore， there exists the limit (x， 
刀suchthat lim (x， Tan)=(x， f). For any x in X， putting (x，刀=(x十，f)-(x-， f) we get a 
positive linear functional f on X by Nakano[2， Theorem 18.2]. If we put u= T-1 /， we have 
an 三五 u for every n and hence there exists an element a in X such that an ↑ a since X is 
Dedekind complete. Thus， the norm is complete by Nakano's theorem [2， Theorem 30. 17J 
on the normed lattice. 
We have shown that X is the Hilbert space with the inner product [ . ，・ J.Finally， we 
shall show that the inner product [・，・ Jsatisfies the properties (a) and (b). The property 
(a) is shown from the definition of [・，・ J. Let fと obe an element in X'. Since f isnorm 
bounded by Lemma 4， there exists an element a in X such that (x， f) = [a， xJfor every x in 
X by the Riesz's representation theorem. From the positivity of f， we have 0豆[a，xJ=[a+， 
xJ -[a-， xJ for every positive x in X and hence 0 三五 [a-， a一〕 三 [a+ α J =0 by Lemma 
3. Thus， itfollows that a-=O from (2) and hence a二 a+ミO.This shows that the property (b) 
is satisfied. The proof of the theor百 nis completed. 
(R巴civedMay. 20， 1977) 
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Concept"of "conformal transform旦tion"is introduced in areal spaces. Under tihs transformation， changes 
of various geom巴tricobj巴ctsm ar巴alspac巴sof the gener且1type and of the submetric class are consider巴d
~ 1. Conformal transformation in the areal space of the general type. 
We assume that there be given two metric m-tensors gJ，] and 'g[，] in the areal space 
of the general type.' Let us consider a transformation 
(A~m) ， g[，J) → (A~m) ， 'g[，J)， ??? ??ー 、
which satisfies the relation 
'gJ，]=φ2g[，] ， (1.2) 
where φis a scalar function such that 
φ=φ (xj， ρ~) > O. (1.3) 
Differentiati時(1.2) by ρ~ ， we have 
'g[，].k =2φφ，);g[，J+φ2g[;Jk， 
and contracting by ρ1 ws obtain 
φよ=0， (1.4) 
by means of Iwamoto's theorem 6);* we can insist that the function φin (1.2) does not 
depend on arguments p~ but depend on only x i. 
On the other hand， ifwe assumeφbe in the form such that 
* Latin indices i，jλ run over 1，2，.. n; Gr巴巴kindiceeα，β~ Y，. over 1，2，. m; while L旦tmc且pital
indices LJ，K，. d巴notecompound indic巴si[ml j [ml k[m}.... In wh丘tfollows， w巴usethe 
same notations and terminologies as thos巴mpap巴rs1)，2)，. 5) 
ネ*Numbers in brack巴tsr巴ferto the referenc巴sof th巴巴ndof this pa per 
指キ*In this pap巴r，we use the concept "partial differetiation inρ人， such as 
。1=φ;i[m) 二 mφ'ji~lP72 ・…・ρZl ， φ1 ニ 3φ/åp~ ，
for any homogeneous functionφof orderρm〆， cf. 4) 
(195) 
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φ=φ(xi，ρ1) > 0 (1.5) 
instead of (1. 3)， then differentiating (1. 2) partially**'同 wehave 
'gI，];Kニ 2φφ;KgI，] +φ2gI，J;K， 
and contractingρJ， we get 
φ;K=O. 
Hence， we can also insist that the functionφin (1.2) does not depend onρ1 but depend 
on only x'. 






???????? ?? (1. 6) 
where IXI is a magni附日Isuch出atllXI12二中 gl，]X1XJ 
Measuring the angle 8 between xI and yI with use of 'gI，] we have 
h-OJI主ぷ 'gI，JX1yJ 
'IX川yl 品'gK，LXK XL/~丁 'gM， N yM yN 
φ2gf，JX1yj aIXI yI一 ~~~円
1 __，，__， I 1 _U_^， Ilxl.lyl し山U
φ)ヰ了gK，LXKX~φ訪問M，NyMYN 凶…目
Consepuently， the angle θis invariant transformation (1.1) satisfying (1.2). In such a 
sense， we cal this transformation as conformal transformation 
There is a relation such that 
gI，]ρIρJ = (m!)2F (1.7) 
between the metric m.tensor g[，J and the fundamental fu凹 tionF(ど，ρ1)of A¥.zm) ， itis to 
say， F(x ¥pI) represents the magnitude of m.dimensional area element ρ1 
Naw， we assume that the fundamental function F is transformed to 'F under the conf. 
ormal transformation. Then: 
'F=吋y'gI，]ρIρJ=訪子作1，]ρIpJ=o2 F， 
i.e.， we obtain 
'F=φF. (1. 8) 
So， we find that (1.8) is hold good when the transformation satisfies (1.2) 
Next， let us start from (1，8)， co町 ersely. Since there is a function f(xi，ρム)such that 
F(xi，Jf) = f(ど，ρD，we may identify f as F unless there is no confusion1) 
Differentiating (1.8)， i.e.， 
( 196) 
ON A CONFORMAL TRANSFORMATION IN AREAL SP ACES 
'F(x i ，ρム)二 φF(Xi， p~)
by ρ~ ， and making use of (1.4)， we have followings ; 
'F，J二 φF，r
'ρ? 二ρ~ ， (ρ?二 F-1F，n，
'Lγ=Lf， 
where L~f is a Legendre's form such that Lγ二 ρ?j→ρfρf.
With the he!p of pJ ，Lγ， etc.， the metric m.tensor gl，J is expressed ;4) 
.c， ( mV r r _ _ ，;'2 T [α1βαAsA αA+1 fiA+1… αm] βm] g民釦LυI エた忍凱~o¥い'):)ドεα町1α向mε匂β仇1βm PLtJル'1






THEOREM. 1. To what gI，] satisji白 (1.2)，it is equivalent that F satisjies (1.8) 
The contravariant component gI，K of gI，Jdefined by gI，K gl，J = ~干 ò'f is transformed to 
m! 'gI，K as 
'gI，K=φ2gI，K (1.13) 
under the conforma! transformation. 
Next， we have to show how connection coefficients changes. Put 




A*ijαβ=F初 Aijaβ，AhJGF二 F 百A九β，
where A九βisderived from Ai/βAhjas=o7o'; under the assumption that the mn-rowed 
det. IAij吋|ヰ O.
Then， we give a covariant differentia! of a vector Vi in the form; 3) 
oVi=dV'十f古 Vidxk+Cj，~ Vjopi， 












596 Takanori Igarashi 
W!Lf=(CXピlOj十CXj九品 CX~~%I) ρ古+o IÒ~ò~ ， 
Cよ弘二CXj九 ρ;ρJCX~~k. (1.19) 
Under the conformal transformation， quantities gi/ぺ.I1ijαβ，.1 ZJαβare invariant. Hence， 
.1* ij吋 and.1*九βaretransformed as 
2 2 
'.I1*i/β 二 φm.l1*i/へ '.I1*iJaβ=φ 南.1* ijaβ， 
which give us follows ; 
1 2 2 
VfELφ 南r;FAF(A*JJ十.I1*jん .1*jk as，r) 
つ 2 可+jkFA(川 *Tf-φ，r.l1*jk as)} 
Wi山 e山
A 本勺;諸~ and φ lo依，γ 二 φ γ円， we obt回ainthe expressi旧on
'γjh=γ;h一(.11*.í~ φγ-òj φ?・ òí， φi )， (1.20) 




'B:s二 Bムー (.1* J%φγ-s;φk 品φJ 品め)ρ4WA7，
by means of (1.18). 
(1.21) 
On making use of (1.21) and of the invariance of CZ/J7， CD/ and Wi~~~ ，we can exp-
ress the transformation law of r;j， in the form; 
'r万三 rj~i-Uん (1.22) 
where 
Uム=A7fφγ ojφk-(.I1'b2'φd-ogφd -ogφd) 
X(CX~:rw.ぷr+ CXjん WXI，~- CXJ~:γW;~n)ρ;. 
On account of the invariance of CD/， we can immediately show， from (1.19)， that the 
connection coefficient CJ，~ is a conformal-invariant， i.e.， 
'C}ム CJ，~. (1. 24) 
Accordingly， we have the the following theorem ; 
TH1IWREM. 2. In the areal 5ρace of the generalかρe，if there be given a connection 
(1.14)， tthe co仰 ecioncoefficient r'Jl， is transformed such as (1.22)， while the another coeffici 
ent CH is invariant under the conformal transformation 
(198) 
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S 2. Conformal transformation in the areal space of the submetric class. 
with 
In this section， we take up an areal space of the sudmetric class 
Let us consider a conformal transfomation 
(A¥，m)， gij)→ (A¥，m)， 'giJ 
'F=φF，φ> 0， 
where gij is a normalized metric tensor which is given such as 
gij=(すUf+ p~j}j )gaん |ω|=F2，
gaβbeing a metric tensor in an m-dimensional subspace of A¥，m). 
Since l'gasI=('F)2=φF2こが|ω1=1偽gaβ1，
(or Ig吋 1is a polynomial homoge町田O山 ineach gω)， we have 
'gaβ=φmgαβ， 'ga7=φmga7， gaβga7= OT. 
T伽
，gzUJ二 φmgi口J.
On the other hand， the metric m-tensor gI，j decomposes in the form ; 
gI，j = m! g[ iIih g i2h…gim]jml十]i[ml，j[ml，






Taking thought that the expression 'g ij=ψ2gij hold good in. Riemannian， Finsler 
and Cartan spaces， itis natural that (2.5) would be transformed to 
2 2 2 
'gI，j= m! (φmg[iI[j，)( Orngiu，)'一(φ，mgim]jml)十]i[m]，j[ml・
Consequently， for the normalizsd metric tesor gij and gik， the transformation laws are 
given such that 
'gij=φmgij， 'g，ik二 φ一mgik. (2.6) 
(0伽 wise.th悶叩esslOns刷 g叫 SI附 C泌Y=tttg山 nd(1心)
For a Christoffel's symbol 
{Jk}ニtgzh{ghhj+g川 -gjk，h}， (2.7) 
substituting (2.6)， we have 
jム~}ニ玄ザρηγg仇叫叩{(ωφr仇m，1(1 主 2
+φ扇(ghk，j+gjh，Z-gjk，h)}. 
P山 gφj 去φ1φJ，φZ二 g'Jφj，we obtain 
(199) 
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'{ム)ニ(ム}-(山一州 ωj) (2.8) 
Under the assumption that the metric tensor gij is not necessarily real-valued， an affine 
connection is defined for a contravariant Vi as follows ; 5)
DVi=dVi+ r;k Xj dXk+ Cf，8hXj Dp~， 
where DρL=γjdρ4十B~kdxk ， γ'j==òj-ρムρ? ，
rfd={ム}-~内Ik， W;j+ gjl， ~B~k-gjkJ， B~) ， 
zhニ{AjMAL，WJ12町内側，
W~~:a= (gilglk，i. Òj 十 gilglj，i.ò~-gir gjk，i.)ρネート Ò~ÒhÒ~.










where L *~f is an "ecmetric tensor" which is defined by by A. KAWAGUCHI such that 
L*?f二 L~fg"0， g;j二がもβg帆 (2.16) 
and which vanishes in the case that the space is of the metric class 
The ecmetric tensor L *~! IS invana此 underthe conformal transformation， because 
Lがisalso im刊 nan
ChωJ，ιJ; in (ロ2.5町)iおstransformed such t出ha瓜t 
'C叫 5ニ φmCu，k，
thus， the connection coefficient CJ，J; given by (2.14) is conformal-invariant 
(2.7) 
The transformation law of the another connection coefficient is derived from (2.11)， 
(2.12) arld (2.13)， in the回 meway as that in S 1 
B~ k is transfomed such as 
'B~k=B~k一 (φPgh1一 φhòf- φlÒ~)ρ~Wtk，'a， (2.18) 
hence， r;~ is transformed in the form ; 
'rj~ ニ r;'k- UJk， (2.19) 
with 
UJk二~ gil{(gぷB;I+gjl， ~Bム gjk，i.B~I)
(φPgst φsM φIÒ~)(glk ， i.府Ji十g
Consequently， we have the following theorem; 
(200) 
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THEOREM. 3. In the areα1 stαce of the submetric class， if theγe be giv側 αconγzection
such αs (2.町、 then，the coれ汎ectioれ coefficie汎tr}t， おかαれsfo:γnedαsin (2 .l~町、 while the a汎O
ther connection coefficient CJ，lk is invariαγzt， Ul屯deγthecoγzfoγmal t:γα汎sfoγnation.
Seminar of Mathematics， 
Muroran Institute of Technology， 
Muroran， ]apan 
(Recived May 21， 1977) 
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The study of the dependence of dynamic Viscosity 
for vulcanized rubber on primal twisting angle 
by means of torsional free Oscillation 
Atsushi Yamanaka 
Abstract 
The Study has been made of the dynamic shear modulus of viscosity for natural rubber vulcanized at 
1l00C and 5 mins on variety of primal twisting angle by means of torsional free Oscillation and th巴ninflu巴nce
of temper旦tur巴ondynamic property of th巴viscosityin the temperature range of 20-60 (oC). In this p叩巴r，the 
work is undertaken to explain the results obtained. Th巴cross.sectionof test Sj:巴Clm巴nused in this experiment 
is rectanglar and the lenght of it is about 30.0 (mm). It was found th旦tthe cause of the results could not be 































A = 16l -
βbc3 
l :長さ b :幅 c 厚き 。b/cに依る形状因子
(1) 
( 2 ) 
今ここで 2ε=η'/AI， η2G'/AI (3) 
L= F /1とおき自由減衰振動の場合 (L=0)，初期ねじり角。。に対しては(1)式の解は次式
で与えられる。〔但し 1>一正人〕
4G'A 
θ=Do cosecφsin (Inた弓+)e-<t 
但し tanφこん三子-/ε である。
対数減衰率をムとすれば(4)より次式が導びかれる。
2_ 4π2+ LJ2 n 一一ーす一一 εニ ρ:周期
ジ
この式と(3)により更に
G'=(金子)AI 77'=2( : ) AI 
したがってPとムを測定し G'とηFを求めることが出来る。
実験装置と測定方法























り応力を加え，ねじり角 θでねじったとき，試料の t伸長時に於けるねじり角 θとトルク Tの関
係は次式で与えられる (3)。
T=主笠立。+止立 θ十旦三(8/lY 16l v ， 16l v' 360 ¥ V I V / ( 6) 
但し， σ:引張り応力， E ヤング率， G:引張り応力が零の時のねじり剛性率，当実験
に於ては(6)式の第三項目を無視できる様にするには b，Cは各々少なくとも 5.00(mm)以下，
2.25 (mm)以下であるならば十分であることがわかった。次に(7)式を用いて動ねじり剛性率と
動ねじり粘性率を求めるときに， I = (ディスクの慣性モーメント)十(下部クランプと金属
棒の慣性モーメント)，減衰が小さいのでム2キ Oとした，したがって(2)と(5)より G'とηFは更に
次式で表わされる。














結果は図 4で示される。図-4に於て跳躍が起った後の ηFの値はそれ以前と同じく 0。に対
して一定の値が求められた，即ち(7)式を用いることが可能であった。言い換えれば ηFは試料が
微小ねじり振動状態にあるという条件，即ち初期ねじり角仇には無関係な一定値を有するとい
うことである。しかし図 3に於て 60=θoで η'の値が跳躍している，したがってこの跳躍点に
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仇 (rad)x 10-3 
図-3
(206) 
10 " . " Temp oc 
図-4
振り自由振動i去による加硫ゴムの初期ねじり角に
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図-6
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a ¥ 示される。図 7と図 4を比較してみると図 . 
Temp 
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Geochemical Investigations of Ice Sheets Masayo Murozumi 

















































Continuous m田 surem巴ntof atmosph巴rl






















































(New York and 
London)Fig. 6. 
10-11-14， 16，24， 
25 in MIT Res. Rept 
7/311972 and Fig 
2 -13 idem p. 131 f 
11972 by. F. Komatsu 
Polyol巴finsBlends of Polymer Bl巴nds
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